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To ISAAC LOVTHIAH" BELL, Eso., 
President of the Iron and Steel Institute. 

Mt pear Bell, 

In the hope of being useful to members of the Iron 
and Steel Institute, and others who do not read technical 
literature in foreign languages, this translation of M. G-runer's 
"Etudes sur lea Hauts-Fourneaux" was undertaken. You 
have allowed me to dedicate the translation to you. No one 
having any knowledge of the subject will ask my reason for 
doing so. 

M. Gruner has methodically digested and arranged several 
important sections of your experiments and observations, and 
has thus rendered the results you have published more 
readily available to many who desire to inform themselves 
of the progress made in the application of exact science to 
blast furnace practice, and who lack the habits of study 
necessary for the full appreciation of your original work. 

The series of memoirs you have published in the Journal 
of the Iron and Steel Institute, on the chemical phenomena 
of iron-srnelting — your careful diligence in the experimental 
verification of your observations in working furnaces, and 
your philosophical views in combining and reasoning upon 
them — have identified your name with the recent proo-ress 
towards an exact theory of that wonderfully perfect appa- 
ratus, the Blast Furnace, 

You for the first time connected the Chemical and 
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Calorific phenomena of the Blast Furnace together with such 
precision as permits tia to ealculate,with the certainty of a near 
approximation to the truth, the technical useful efl'eet of any 
furnace, and the economical effect of furnaces working in any 
district for which the proportions of fuel, ores, and fluxes, 
and the temperature of the blast are known. 

The results of your observations, and the numerous facts 
elicited from many practical men in the " discussions" at the 
meetings of the Iron and Steel Institute, are indeed the 
groundwork of M. Gruner's "Studies," in which he estah- 
liahes Analytical Formulas by which all the necessary calcu- 
lations can be readily worked. 

The happy remembrances of thirty-three years' social 
intercourse and sympathy in the study of science applied to 
the arts, is an independent reason for my offering you this 
tribute of my friendship and esteem. 
Believe me to be, 

Yours sincerely, 

LEWIS D. B. GORDON". 

TOTTERIDGE, AugUSt, 1873. 
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TRANSLATOR'S PREFACE. 



Tub Studies of Blast Furnace Phenomena by M. 
Gruncr are not written in a style that "those who 
run may read ;" hut whoever will take the pains to 
read them will find his reward in a more exact appre- 
ciation of how the recent investigations of Mr. Bell 
and others into the chemical and calorific phenomena 
of the blast furnace may be practically applied to 
questions of blast furnace economy. 

For the last three years the question of the mim~ 
mum cost, theoretically and practically, of producing a 
ton of pig-iron has chiefly occupied the attention of 
the meetings of " the Iron and Steel Institute," and 
has even been "discussed" at meetings of the Insti- 
tutions of Civil and Mechanical Engineers. 

There is evidently no general answer to the ques- 
tion. Each particular case must be investigated for 
itself; and M. Grruner has so far generalized the re- 
sults of experiment and observation hitherto recorded 
as to give formulas by which the chemical and phy- 
sical elements of the question may be answered 
approximately a priori (see p. 122 et seq.) This 
answer may be made with sufficient accuracy for 
practical purposes by ascertaining merely (he propor- 
tion of carhonic oxide to carionic acid present in the 
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escaping gases of any furnace of which we know the 
elements of its charges. 

The main point of novelty in the Studies, and what 
gives them their chief interest, is the precision given to 
this doctrine, first distinctly taught by Mr. Bell, that 

the ratio of in the escaping gases is the index of 

ike worhing of the furnaces. The determination of an 
analytic process of calculation in place of a synthetic 
is of value for direct investigation of any case of blast 
furnace working that may present itself 

Still, the other question debated, be it borne in 
mind, is the economy of fuel in furnaces, whether 
charged into the furnace and consumed there, or 
supplied from without as caloric in the heated Mast. 

Again, it is only when furnaces are working with 
the same, or nearly the same, charges of ore, flux, and 
fuel, i.e., same quality of raw materials, and yielding 
the same quality of iron, that we can get comparative 
results of a reliable nature. Furnaces may be work- 
ing in one district as well as in another, although 
using very different quantities of ore and fuel, and 
yielding very different quantities of iron, and showing 
very different profit and loss accounts. Pig-iron 
making, like other manufactures, must be looked at 
both from the purely technical and the economical 
point of view. There is a technical maximum of 
useful efieet and an economical maximum of useful 
effect. 

The technical useful effect would be so much the 
greater as the yield of pig-iron from a given weight 
of carbon and ores of the poorer qualities is greater, 
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■whereas the economical effect often involves other 
considerations, such as the maximum production of 
iron of a certain quality regardless of the maximum 
technical effect. In most cases, the iron-master is 
chiefly interested in the technical effect. 

There is however one factor of technical effect, viz., 
that of the superheated Mast, which has for the last 
three years excited the liveliest controversy. 

The section 25 of the "Studies" treats of this ques- 
tion on the basis of the experience recorded by Mr. 
Bell and others in the Transactions of the Iron and 
Steel Institute, and on the assumption that the com- 
hustihlefor heating (he Mast is the gases of the furnace 
itself. M. Gruner's examination of the question is, 
like that of Mr. Bell, full of instructive applications 
of the actual theory of the blast furnace. The com- 
plete technical answer awaits the result of experience 
of the cost of superheating the blast. To the ques- 
tion, whether there is advantage in heating the blast 
to 800°, 900°, or 1000°, the theoretical answer is 
undoubtedly Yes. For each rise in temperature of 
the blast there is increased economy, abstraction being 
made, of course, of the cost of maintaining and firing 
stoves for heating the Mast. At the same time, this 
economy decreases rapidly with the rise in tempera- 
ture. The economy arising from each accession of 
100° to temperature of blast is much less from 800° 
upwards than from 500° to 700°, and still less than 
between 400 and 500°, and thus in practice it is useless 
to exceed 700° to 800°. Ifot having been able to 
collect sufficient data as to the cost of making and 
maintaining the stoves for superheating the blast, it 
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is impossible for me to add to the weight of this 
opinion of M. Gruner, excepting to say that, after 
examination of all the facts hitherto published, super- 
heated blast beyond the limits safely reached by the 
east-iron stoves is useless; and if, as eeems to be 
the case, it be thought necessary to erect generators 
of gas to heat l>rick stoves, that system is certainly 
wasteful, and a retrograde step in blast-furnaee 
engineering. This subject is again alluded to in 
Xote v., Appendix. 

Some apology is due for writing so much as an 
Appendix. The truth is, that I examined each sub- 
ject and factor mentioned in the original text for 
myself, and conceived it might be useful to others to 
record my notes for their use. 

LEWIS D. B, GORDON. 
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STUDIES OF BLAST FURNACES. 



1 1. Meceni modifications in the regime of blast furnaces. — 
For several years past the minds of metallurgists have been 
much preoccupied by two important modifications made in 
old Blast furnace practice. The furnaces have been increased 
in height and in diameter, and the blast is spontaneously 
heated to a red heat, in England especially, by means of large 
stoves of fire-briek, prepared by Messrs. Cowper-Siemeiis, and 
Mr. Whitwell. 

Successive transformations in these two directions have 
resulted in what ia deemed exaggeration by metallurgists, 
such as Mr. Lowthian Bell, whilst there are others who 
consider there is no limit save practical possibility. This 
divergence of opinions has been made known by the publica- 
tions of the Iron and Steel Institute— an association frequented 
by Bessemer, Bell, Menelaua, "Williams, Snelus, Parry, Sie- 
mens, Cochrane, and others well known as leading men in 
the iron industry of Britain. The question is one well 
worthy of careful examination and study in reference to the 
chemical and calorific reactions which come into play in 
these enormous apparatus, I shall, for this purpose, make 
use of the series of highly interesting memoirs which Mr. 
Lowthian Bell has published in the Journal of the Iron and 
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18 STUDIES OF BLAST FURNACES. 

Steel Institute,* and compare them with my own personal 
researches on the same subject, some of them given, for 
many years, in my course of lectures at the Ecde des Mines 
of Paris, and others recently published in the Reeueil des 
savants itrangers, and in the Annates de physique et de chimie.^ 

§ 2. Successive enlargements of blast furnaces. — Blast fur- 
naces, working with charcoal as fuel, are seldom more than 
30 to 35 feet high, nor have they more than 800 to 1200 
cubic feet capacity. In Austria, in Russia, and io Sweden, 
where circumstances admit of a great accumulation of fuel, 
the height is carried to 45 feet, and the cubic contents to 
1800 to 2200 feet. In coal districts the furnaces have been, 
from the beginning, made larger: and yet the ordinary 
furnaces of Staftbrdshire have not more than 2200 to 2500 
cubic feet capacity, with a height of 38 to 42 feet ; and even 
the largest do not exceed 3500 to 5000 cubic feet. In 1830, 
the capacity was not more than 2000 cubic feet as an average, 
and in Wales 2200 to 2500 cubic feet. In 1860, however, M. 
Lan and I found that there was a decided tendency to 
enlargement of the furnaces. In Scotland there were furnaces 
of 3000 cubic feet, and even 7000 cubic feet ; and in "Wales 
the furnaces were of 3000 and up to 5000, with some few as 
large as 7000 and 7750. These successive enlargements were 
made with the special object of increasing production, and 
we were convinced that, in fact, the yield had increased in 
proportion to the internal capacity. 

In the enlarged as in the smaller furnaces in England, the 
yield was, on the average, a ton of Nos. 1 and 2 iron for 1 to 

* Published in one volume complete, with Index, by Messrs. Routledge, 
jn 1873. 

j 8<maiiU Strangers, t, riii, ; AnnaUi, etc., Miu 1872. 
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STUDIES OF BLAST I-UENACES. 19 

8 cubic metres (245 to 280 cubic feet) capacity, a ton of forge 
iron (gray) KoB. 3 and 4 for 210 to 245 cubic feet, and a ton 
of mottled forge pig for 175 to 210 cubic feet capacity. 

By comparing together a great many Continental furnaces, 
I had previously arrived at the same reaultB, In my lecturea 
these figures were given as results to be used in determining 
the dimensions of blast furnaces. 

In 1851, the first blast furnace was erected in Cleveland, 
by Messrs. Bolckow & Vaughan, who built it 42 feet high, 
and of 4500 cubic feet capacity. 

In 1853, Messrs, Bell Brothers founded the Clarence 
"Works, and erected several furnaces 48 feet high, and of 
6200 cubic feet capacity. 

From 1853 to 1860, a great many furnaces were erected in 
this district, but none of them were carried to a greater 
height than 58 feet, with a capacity of 7000 cubic feet, and 
the greater number were about 50 feet high, with 5200 to 
6000 cubic feet capacity. 

On the other hand, beginning from 1861, there took place 
a prodigious enlargement of the furnaces, of which we may 
give the following examples: — 

In 1861, Messrs. "Whitwell & Co. built three furnaces at 
Thornaby 60 feet high, and 13,000 cubic feet capacity. 

In 1862, Messrs. Bolckow & Vaughan carried the height 
to 75 feet, and the capacity to 12,000 cubic feet. 

In 1864, Mr. Samuelaon built his first furnace, at ^Newport, 
68 feet high and 15,300 cubic feet capacity; and Mr. Thomas 
Vaughan carried the height to 78 feet, and the capacity to 
15,750. 

In 1866, Messrs. Bolckow & Vaughan adopted the lofty 
type of 96 feet, with only 15,000 cubic feet capacity; and 
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Messrs. Hopkins, Gilkes & Co., at. Tees-side, gave 76 feet 
height, and 20,000 cubic feet capacity. 

In 1867, the furnaces at Norton were made 78 feet high, 
and 26,000 cubic feet. 

In 1S68, Messrs. Bolckow & Vanghan enlarged their two 
furnaces of 1866, the one to 26,000 cubic feet, the other to 
29,000 cubic feet capacity, the original height being retained 
— viz., 96 feet. 

In 1870, Mr, Cochrane erected a monster furnace at 
Ormesby, 92 feet high, and 41,000 cubic feet, and at Ferry- 
hill, westward of Middlesborough, with a greater height they 
combined a smaller capacity — 106 feet high, 33,000 cubic 
feet; and lastly, in 1871, Mr. Cochrane built a furnace 92 feet 
high, and 42,500 cubic feet capacity. 

The internal section of the greater number of these 
furnaces is given iu the plate, copied from the historical 
account of the gradual development of the blast furnaces iu 
Cleveland, by Mr. J. Gjers.* AVe see by these that the form 
is very various — lofty furnaces almost cylindrical alongside 
of barrels very stumpy, enlarged at the belly, and much 
contracted at the top. These forms, as well as the height, 
the total capacity, the mode of charging, etc., have, as we 
all know, a certain influence in the working of the furnaces. 
The yield and consumption of raw material vary with these 
elements. Unfortunately, the short notice of M. Gjers does 
not give any details on this subject, not even an indication 
of the maximum yield; but this incompleteness I have, in 
l>art at least, been able to supplement by data given in the 
Memoirs of Mr. Bell, and the reports of the discussions which 



iirnal of the Iron and Steel Institute, Nov. 1871. 
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these Memoirs gave rise to at the meetings of the Iron and 
Steel Institute. 

What strikes us immediately is, that hy common consent 
it is allowed that the yield of these biff furnaces does not increase 
in the proportion of their capacity. Thus, at Clarence Works, 
Mr. Bell's own works, we find, for four types of very different 
dimensions from each other, yielding forge iron iJ^os. 3 and 
4, the yields aa follows: — sf 



L 



■r 



Total capacity 6000 c. ft. |ll,500c.ft.'15,8l 

Height 48 ft. 80 ft. 

ProducUon in 24 hours . . 30 tons. 38-6tons, 
Consumplion of coke per ton 

iron 39 cwt. 33^ cwt. 

Internal capacity per ton iron 

yielded in 34 hours ... 190 c. ft. 300 



2SJ cwt. 
330 c. ft. 



On the other hand, the numerous furnaces of Messrs. Eoickow 
& Vaughan and those of Perryhill, in which the same ores 
and the same coke are used aa at Clarence, the blast being 
heated to the same temperature of 400° C. to 450° C, and 
the pig being also Nos. 3 and 4, gave the followi 







Bolckuw S Vaiighan. 


FerrjhiU. 


H™F„rp.« 




B«m.lS... B.m.lS68. 


EBrryhlU. 






35,800 c. ft. 


17,000c. ft.|33.000c. ft. 


Height 

Yield in 34 hours . . 
Consumption of coke per 


ton 


95 ft. 
45 tons. 

%%\ cwt. 

320 c. ft. 


95 ft. 
53 tons, 

%%\ cwt. 

400 c. ft. 


80 ft. 
^ 50 tons. 

S3icwt. 

315 c. ft. 


80 ft. 

78 tons. 
30* cwt. 


Internal capacity per 
yield in 34 hours 


ton 


430 c. ft. 



* This amount Is 
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Lasfclj, by comparing the three successive types put up 
by Mr. Samueleon, at Newport, we again found the same 
figures — 

An old furnace of . . 5000 yields 23 tons in 34 iioura = 31S p. ton. 
Anotlier furnace, 1864, 15,800 " 45 " 343 " 

And the last furnace, 30,300 " 70 " 430 " 

Mr. Bell, in the diacussions of the Iron and Steel Institute 
in 1871, affirms, with perfect reason, that he " never found 
that a furnace of 25,000 cubic feet did twice the work as 
well as one of half the size." 

In fact, we know that in the old-furnaees of 5000 cubic 
feet to 7000 cubic feet capacity, the mean capacity is 210 
cubic feet per ton of Kos. 3 and 4 pig, whereas in the more 
modern furnaces of 10,000 cubic feet to 15,000 cubic feet, we 
find from 280 to 320 cubic feet capacity per ton of yield, and 
in the moat recent furnaces of 25,000 cubic feet, the capacity 
per ton of yield is 420 cubic feet to 490 cubic feet. In other 
:words, the descent of the charges requires 60 to 70 hours in 
the large furnaces, and only 20 to 40 hours in the small ones. 

This extreme slowness in the descent of the charges may, 
in a certain point of view, have advantages. Variations in 
the raw material are less sensibly felt in the large furnaces. 
It may also happen that reduction goes on under better con- 
ditions — that the ore should arrive in the zone of fusion 
better prepared. But is there no limit to this successive 
development of the blast furnace? May not the Juste milieu 
corresponding to a maximum of economy be overstepped? 
If the work goes on very slowly, is not the carbonic acid 
(CO^), arising from the reduction of the ores, exposed to be 
converted into carbonic oxide (CO) by contact with inoandea- 
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cent carbon, in proportions increasing as the descent of the 
charges is alow? In short, is the eonaumption necessarily 
eo much the less as their dimensions are large, and the 
descent of the charges slow? 

The figures above tabulated answer this qaeation to a 
certain extent. Previously to 1860, the blast furnaces in 
Cleveland consumed 1-5 to 1"7 tons of coke for one ton of pig 
— gray forge — yielded, or, at the very least, 1-45 tons = 29 
cwt., according to the statements of Mr. Bell. At present, the 
consumption in the enlarged furnaces is reduced to 1'125 = 22 J 
cwt., the blast being heated to 400 to 500 degrees Centigrade: 
but it is quite certain that there is no difference in the con- 
sumption of the furnaces of 10,000, 16,000, and 28,000 cubic 
feet capacity, or even beyond these monstrous dimensions. 

If, therefore, beyond a certain limit, the large dimensions 
produce neither increased yield nor economy of fuel, it does 
not look very rational to go on increasing the capital for 
establishing furnaces with these vast dimensions.* This is 
what has at last occurred to our neighbors on the other 
(English) side of the Channel. A reaction has taken place 
in England, at all events in those districts in which the fuel 
and the ores are liable to crush and compress under their own 
weight. Thus at Askam-in-Furness, the height has been 
reduced from 75 feet to 61 ; at Consett, the furnaces have 
been reduced from 70 feet to 55; at Workington and at 
Barrow, situated like Askam in the district of rich lijema- 
tites of Cumberland, the body of the furnaces has, in like 
manner, been reduced in height — at Workington, from 70 

of cost, Appendix. 
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feet to 55, and at Barrow, from 75 to 61 ;* ami lastly, at 
Creusot, a blast furnace which had been raised to 88 feet baa 



These examples are sufficient to show that a certain height 
is accompanied by proved inconveniences; but if we desire to 
appreciate at its true value the influence of these exaggera- 
tive dimensions, we must, in the first place, endeavor to form 
exact notions of the ehemicai and calorific reactions upon 
which the working of the blast furnace is based. 

§ 3. Principal reactions in blastfurnaces. — In every furnace 
of this type, there are two contrary currents in motion, and 
-reacting the one upon the other — s. gaseous current ascending, 
the temperature of which is at first very high, and decreases 
gradually till it quits the furnace at the tunnel-head or top ; 
and a solid descending current, composed of the ores, the fluxes, 
and the fuel, the temperature of which goes on increasing 
always under the action of the gaseous current in the ojipo- 
site direction. 

Of these two currents the one is slow, the other very rapiJ. 
The solid materials of the charges descend rarely with a 
greater speed than 20 inches per hour, whilst the gases pass 
upwards with a velocity of 2lX inches per second. Further, 
the mass of air blown into the furnace is generally greater 
than that of the solid charges by the tunnel-head in the 
same time; and the weight of gases going off from the 
furnaee is often more than double that of the melted sub- 
Btances (pig iron and slag) flowing out by the " tap" and slag 
discharge. 

The air, blown into the furnace at the twyres, is almost 

• Bee Journal of Iron and Steel Institute, Nov. 1871, p. 409. 
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iiistaritaneousiy transformed into carbonic oxide,* and this 
gas, in ita passage up the body of the furnace, acts more or 
less directly in reducing ores — that is to say, with or without 
the aid of the solid carbon. 

The reduction of the oxide of iron in the blast furnace may 
take place in three dift'erent ways, according to the portion of 
the furnace we examine. In general, the oxide of carbon 
(CO) is transformed into C0% which escapes as such by the 
furnace top without other reaction. In other positions, the 
CO thus produced becomes again, partially at least, CO by 
burning solid carbon, which comes in the end, both in its 
chemical and calorific relations, to be the same thing as if 
the solid carbon acted directly on the oxygen of the ores, 
yielding thus either CO^ or CO. 

These three ways of reduction may be represented by the 
following formulas : — 

1. SCO + Fe^O^ = 3C0= + 2Fo; 

2. 3C + 2F=0= = 3C0^ + 4Fe; 

3. 3C + Fe'O* = 300 + 2Fe. 

It may be at once remarked that the two first ways of 
reduction are not in fact realizable, if we adopt the propor- 

* We know hy the experiments of MM. H. Deville and Cailletet, that 
near the twyres there is a mixture of iinconsumed air and of carhon in 
minnte state of subdivision, by the fact of dmodation; but higher up, the 
temperature falls sufBcieatly to determine tiie definite combination of carbon 
aad osygen, in the form of carbonic oxide. As to the question, whether in 
the first moments CO' or CO be produced, it is simply impossible to answer 
it ; and, truth to say, almost idle to discuss it. We may, however, remark, 
that when carbon is burned on fire bars, the CO is not really produced till 
the bed of fuel be sufficiently thick to allow of C being taken up ; and thus 
there can be little doubt that carbonic acid is produced in the first plai;e. 
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tiona given in the formulas. In these conditions the metallic 
iron would be partially reoxidized by the carbonic acid. We 
know by the experiments of M, Debray, confirmed by Mr. 
liOivthian Beli, that, in presence of equal volumes of CO and 
00^ peroxide and metallic iron are both brought to the state of 
protoxide. But though these two first modes of reduction are 
impossible taken singly, they generally help, with the third 
mode, in producing the final result; and, in fact, the gases 
taken at the furnace-top are always composed of a mixture 
of CO and CO^. According as the one or the other mode of 
reduction has the greater share in the final result, the pro- 
portion of CO or CO^ in the gases taken at the furnace-top is 
the greater. But it is easy to show that these three modes 
of reduction require very different quantities of caloric; and, 
in this point of view — that is, in reference to the consumption 
of fuel — it is not a matter of indifference which of these 
reactions takes place in blast furnaces. 

§ 4. Quantities of caloric absorbed and given off in blast 
furnaces. 

Let us determine the quantities of caloric absorbed and 
given off in the three modes of reduction we have been con- 
sidering. 

The caloric absorbed is the same in all three cases: — it is 
the caloric which a lb. of oxygen would produce in uniting 
with metallic iron to make peroxide. Let us put G, for the 
moment, for this number of calories. In the first case, the 
number of calories given off results from the transformation 
of CO into CO^ Now each lb. (or other unit of carbon) 
produces 2403 calories (referred to Centigrade scale and same 
unit), in talking up ^ lb. of oxygen from the oxide of iron. 
Hence it follows that for each lb. of oxygen the transforma- 
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tion of CO into CO' ia accompanied by the giving off of 
calorie of | x 2403 = 4205 calories. Thus the ditferenee 
(0 — 4025) represents the calorie required for the reduction 
of the peroxide of iron under the action of CO passing to the 
state of 00^, for each lb. of oxygen taken up. 

In the second case, the carbon is tranaformed into CO* by 
the oxygen of the ore. Under these eonditioiia the lb. of 
carjjon develops 8080 calories in taking up | !b, of oxygen, 
and this gives | x 8080 = 3030 eala. for each lb, of oxygen. 
Consequently C — 3030 is the caloric necessary for reduction, 
when this is eft'eetad by the solid carbon yielding CO', 

Lastly, in the third mode of reduction the reaction would 
be that the oxygen of the ores produced CO directly by means 
of the solid carbon. But a lb. of carbon gives off 2473 
calories* when it forms CO: and as it then takes up J !b. of 
oxygen, the calorie given otf by each lb. of oxygen is f x 
2473 = 1855 cals. Consequently the difference C — 1855 
represents the number of cals. required for reduction when 
this is effected by solid carbon burning to CO. In order 
therefore to take up a lb. of oxygen from the peroxide of iron, 
we have the number of calories given by the following for- 
mulas : — 

C — 4205 cals. 
C — 3030 " 
C — 1855 " 

* This number, to which we shall have to recur frequently, is dctcnnined 
by the following reasoning. The caloric produced by a lb. of carbon giving 
CO* ia evidently equal to the sum of the two results of the transformation 
of C Into CO and then of CO in C0». But 1 lb. earbon gives } !ba, CO, and 
fts each lb. of CO gives off 3403 cal. in burning, we should have for the J 
lbs. J X 3403 = 5007, which leaves for the transfonnatiou of C into CO, 
8080—5607 = 2473 cals. 
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The v.ilue of is not rigorously known. It may incleed 
vary with the physical condition of the peroxide, but it 
appeara to be confined between the limits of 4600 and 4500 
calories, bo that the first mode of reduction above represented 
is efteeted almost without absorption of caloric. Again, and 
whatever may be the value of C, it is evident that this mode 
of reduction is much the most favorable, and that the third 
mode is very disadvantageous. It is therefore of importance 
that the reduction of the ores in blast furnaces should be 
effected as far as possible by the first mode only — that is to 
say, by the CO being transformed into CO" — or, in other 
words, without consumption of solid carbon. This is what we 
shall allude to in future as the ideally perfect working of a 
furnace, 

"When this mode of working is realized, the reactions will 
be of the simplest kind. The CO produced near the twyres 
will reduce the ores and be transformed to CO^, and this in 
its turn will leave the furnace without reaction on the solid 
carbon. In this case all the carbon of the charges will pass 
through the furnace without other alteration than a gradual 
heating, and this carbon will be finally burned to CO under 
the action of the blast of the twyres. 

To realize this ideal working, or at least come as near to it 
as possible, the reduction must take place in a region of the 
furnace in which the temperature is relatively feeble, other- 
wise the C(y thus generated will constantly re-form CO at the 
expense of solid carbon. The furnaces must therefore be 
sufficiently capacious, or sufficiently high to insure that the 
whole upper region should remain at this comparatively low 
temperature; but at the same time the ascent of the gases 
must be so rapid that it shall remain a very short time in 
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contact with the solid carbon. It is evident besides that ores 
easily reduced (soft porous ores) will help to realize the ideal 
working more than compact siliceous ores. But,- in general, 
whatever be tlie ore, the reduction can only tiike place com- 
pletely in the hot regions in which the CO" will continually 
get reconverted to CO, and this will he the case more 
particularly with other oxides than those of iron — such as 
Bilica,.lime, magnesia, and the oxide of magnesiaVthe redue- 
of these oxides will always require the direct or indirect aid 
of solid carbon. 

§ 5. The economical working of the furnaces varies with the 

ratio of -^-=-- in the gases. — From what precedes it results, that 

the relative quantities of CO^ and CO in the gaa given ofi" 
from the furnace depends essentially on the mode of reduction 
for a given constitution of the charges. And consequently 
the higher or lower proportions between the two gases will 
allow of our appreciating the degree of perfection of the 
working of the blast furnace.* 

One or two examples will be sufficient to prove this. "We 
shall see very soon that in the same ironwork, with the same 
ores, producing the same Ko. of pig, the temperature of the 
blast being the same, we find the proportions in the escaping 
gases as follows, according to the section and dimensions of 
the furnaces: — 

0'3 of the total carbon under the form of CO^f 
0-7 " " CO 

* See, for announcement of this fundamental law, section xxxiv. of Mr. 
Bell's work. 

\ Abstraction is made licre of the CO' in tlie 9ux. We liaTC at present to 
do with the products of the earhon consumed. 
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which gives for the proportion - -— the number 0'673; 

3r, in the ease where the working is less economical, 
0-2 of the whole carbon in the form CO' 
0-8 " " CO 

C0\ 

^co' 

Let lis then now calculate the caloric given off: — 
In the first case we have 

0'*' -3 X 8080 + 0'" -7 X 2473 = 4155 calories. 
In the second, 

0'" -2 X 8080 + 0"' -8 X 2473 =. 3594 calories. 

Difference, 561 calories. 
To obtain the same products, the same quantity of caloric 
is required. Hence each lb. of carbon burned in the first 

furnace must be replaced by l**r"oeQ4 = 1"155 in the second, 
which is, in fact, an increase of from 15 fo to 16 "/o, by the 
single fact of a smaller production of CO^, or of the more 
energetic action which this CO? has for the solid carbon in 
the hot region of the furnace. 

Let U8 now compare a good working furnace with an ideal 
working furnace. 

We may take the proportion -pjy "= 0'673 as indicating 
good working. 

This is, in fact, the case of the best furnaces in Cleveland, 
when account is taken of the gases arising from the coke and 
of those of the flux. 

Let us further suppose, as it is actually the ease in Cleve- 
land, that for each lb. of pig produced the consumption of 
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pure carbon is 1 lb. and 0^" -60 of flux. From these data let 
U9 first calculate the weight of carbon contained in the gases 
for each lb. of pig iron. 

The coke gives 0-03 of carbon to the pig iron. 

On the other hand the 0-60 of lime contains 0'60 x 12 = 
0-072 carbon. 

It follows that the gases will contain for each lb. of pig 
produced : — 

0'" -970 the carbon from the coke 
0'" -072 from the limestone 

Total, I''' -042 
But as the proportion above asoumcu pw- -- 

sponds to 0-3 carbon burned to CO' for 0-7 to CO, we sliaJl 

have, in the gases escaping at the top, 

0-3 X 1-042 = 0-3126 of carbon to the state of CO' 
0-7 X 1-042= 0-7294 " " CO 

1-0420 

But of the 0'" -3126 carbon in CO', the limestone furnishes 
O'*' -072; there remains then aa coming from the coke, 

0'*' -3126 — 0'" -072 = 0'" .2406 
which gives as the total caloric produced by combustion for 
each lb. of pig yielded by the furnace — 

0-2406 X 8080 = 1944 calories 

0-7294 X 2473 = 1804 do. 

Total, . 3748 calories. 
Now this is the sum of the calories which should be 
generated in an ideal working, in supposing, for greater 
simplicity, that in the two cases the blast carries in the same 
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number of calories, and that the gases carry oft' the same dose 
of sensible heat. 

The ideal working supposes that the redaction of the oxide 
of iron IB effected by the CO only, without intervention of 
solid carbon. 

But it is easy to calculate the weight of CO transformed to 
CO^ by the reduction of the ores — at least if we take account 
only of the oxide of iron properly so called. For each lb. of 
pig iron we have 0'" -97 iron and 0"' -97 x ? of oxygen, and 
this oxygen transforms a weight of CO into C0% containing 
a quantity of carbon equal to | of its weight of oxygen. 



The caloric produced by this carbon in its successive 
transformation into CO, near the twyres, and into GO^ in the 
zone of reduction, is . . 0'" -312 x 8080 = 2521 calories. 
And thus the CO remaining would have to 

furnish 1227 

Total equal 3748 calories. 

But these 1227 calories require g^-g = 0'" -496 of carbon 
which has been burned near the twyres, and this gives as the 
final consumption 

0'" -030 + 0-312 + 0-496 = 0-838 instead of 1"'-, 
which, for the case of an ideal working, gives an economy of 
0'" -162 per lb. of pig yielded = 16 % 

Let ua now show that the proportion -^n" wi^ be, in an 
ideally perfect working, as follows : — 

0-312 4- 0-072 (from limestone) = 0-384 carbon in C0= 

and 0-496_ " CO, 

or total carbon in gas 0'8.-0. 
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CO = -g- X 0-496 = 1-157 

+v f CO' 

therefore CO" "" '^"^^'^ 

§ 6. The ratio -^j is the measure or index of the working oj 
Blast Furnaces. — It has now been shown by these examples 

wide limits. 

In the modern furnaces of Cleveland, the proportion ia 
generally between 0;^0_and 0-70 when the working is good ; 
but it is only 0-35 to 0-40 when the furnace ia, in bad condi- 
tion. And if we could attain to the idealworking, it would 
be as high as 1-217. 

"We thus see that this ratio is as it were the measure or 
index of the degree of perfection of the working of furnaces. 
Of a truth, this ratio is found to vary from one district to 
another, according to the richness of the ores and tlieir qual- 
ity, the nature and purity of the fuel, the proportion of flux 
employed, the number of the pig-iron yielded, etc. etc. But 
in any given ironwork, or in a given district, this ratio will 
fall or rise, — will recede from or approach to the ideal figure 
as the furnace works well. It thus appears very important 
to be able to determine this proportion exactly by experiments 
easily multiplied. We have already seen by the examples I 
have quoted that, when the ratio is known, we can easily 
calculate the absolute quantities of the two gases, and con- 
sequently also the sum of the caloric given ofi' by combustion 
in the blast furnace. 
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It has been shown above that the direct determination of 
this ratio allows of our fixing, in a rigorous manner, not 
only tlie quantities of CO and CO, but also very approxiinately 
the weight of air for blast and of the escaping gases, and the 
composition complete of theae latter. 

§ 7. Weight and composition of the escaping gases. — The 
ordinary or normal working of the blast furnace gives the 
data of the weight of the flux and of fuel consumed per unit 
of pig-iron produced, "We know also from the quality of the 
pig yielded the proportion of carbon united to the iron. We 
may estimate this at 3 ^ in ordinary forge iron. 

Let a the carbon per lb. of pig, b the carbon contained in 
the flux, and hence p the total carbon in the gases =s a + b 
— 0-03. If we put g for the weight of CO, and m for the 
proportion -=-=~, we have my for the weight of CO', and then 
for determining y we have the equation — 

which formula expresses that the quantities of carbon in CO 
and CO" are equal to the total carbon in the gases. 

Ilence we have y = - — "'-^ . . 

^ 33 + 21 m. 

The oxygen contained in the gases will, in like manner, be 
equal to the oxygen furnished by the blast, and by the 
charges of ores and flux, which is expressed by the equation — 
(2.) .^-y+^^.my = d + x 

in which x represents the oxygen of the blaat, and d 
represents that furnished by the ores and the CO" of the flux. 
From this equation we find 
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\33 + 21 mA 



To calculate x, we must first find the value of d. If only 
the oxide of iron were reduced, it would be easy to determine 
d exactly. It would be composed of two terms, the oxygen 



-,-..- 0-97, it 

we suppose tlie iron in the state of peroxide ; ao that we 

should have 

J 8 , , 3 „._ 8 , 2-91 
d = -g- 6 + -^ X 0-97 = -g-* + ^j- 

But pig-iron generally contains, besides 0-03 of carbon, 
other elements, aueh as silicium, manganese, etc. etc., phos- 
phates derived also from the ores. If we knew the composi- 
tion of the pig-iron, it would be quite as easy to calculate 
the oxygen derived from these various elements, as of that 
furnished by the peroxide of iron. 

Neglecting this correction, we shall generally get a value 
^■f d t^tJa'ii tot) \itt\e, 'oeca'ase this would be to suppose that 
these elements united with as much oxygen as the iron, and 
silica at least gives a much larger proportion, 

If we start from an average composition of pig-iron, we 
shall at all events approximate the truth more nearly, and 
thus obtain values of d and of x very little different from the 
true values. Suppose a gray forge pig (Noa. 3 and 4 of 
English marks). "We may admit as its composition, if there 
be little r 
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Iron . . . . 


0-94 


Carbon 


0-03 


Silicinm, etc. 


0-02 


Earthy metals 


0-01 



1-00 
According to the equivalents, the silica contains 24 of 
oxygen for 21 siliciuni, or 8 for 7 ; the oxygen derived from 

the silica = -^- 0'02; and this expression would be near the 

truth if, for a part of the ailicium, there were substituted 
phosphorus and sulphur, for phosphoric acid contains 50 for 
4Ph, and Bulphuric acid contains 30 for 28.* 
As to the earthy metals, we know that in 

Lime, the corresponds to | metal 



Alumina . . . f " 
"We may therefore admit, ae an approximate average, ^ of 
0"* ■01. At all events, on such a feeble quantity the possible 
error will be insignificant. 

According to the above reasoning the corrected value of 
the total oxygen in the ore and flux will be — 

d= -|-*+T^ ^'^^ + T ^ 0-02 + ~ X 0-01 

or rf = i-6 + A. (2-82 + 0-16 + 0'05) = -|-6 + -J- (3-03) 

* Sulphuric acid furnishes for equal weight more oxygen than doea silica, 
but this excess is compensated by the circiunstance that the greater part of 
the sulphur of pig-iron in derived from sulphurati and not from sulphatei. 
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The value of d being calculated thus, we can deduce that of 
X, and we have for the weight of air i-ZZx, and for that of 
the nitrogen 3-3337. 

But this supposes the air of the blast to be perfectly dry, 
whilst in reality it is always more or less charged with 
TQoiature, which adds, of course, the oxygen of the water to 
that of the dry air. 

The equation -_- y + ^rp mi/ = rf + x, gives therefore for x 

the oxygen of the air and its moisture united ; but it is easy 
to calculate the values of dry air and nitrogen. 

It is well known that at the mean temperature of 12° to 
13° C = {54° to 56° P), the humidity amounts to about 
0'0062 of the weight of dry air, and the oxygen contained 



Thus if we put z to represent the oxygen derived from dry 
air and 4'333 that of dry air itself, we have — 

x = z + '0-0055)^ 4-33^ = (1 + 0-0238)3 
and consequently z = = 0-97673; 

Hence the weight of nitrogen . = 3-33 x 0"9767a: 
" dry air . « 4-33 X 0.97673: 

" moist air = 1-0062 x 4-33 + 0-97673; 

= 4-33 X 0-9828Z. 
In reference to this indirect determination of the mass of 
air blown through the twyera, it is worth observing, that 
though it is not rigorously correct, as it depends on a sort of 
theoretical analysis of the pig-iron, it is nevertheless much 
more exact than any other mode. It may, of course, be 
rendered as exact as possible, by ascertaining by proper 
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chemical analysis what is the true composition of the pig- 
iron.* 

§ 8. Agreement of the formulas with the complete analysis.— 
"We may conclude from what precedes, that to get the com- 
poBition of the escaping gases, it is sufficient to determine by 
experiment the ratio - = m. This allows of our calculat- 
ing exactly the quantities of C0= and CO, and very approxi- 
mately the proportion of nitrogen : and we deduce besides, 
with the same degree of preeiaiou, the weight of blast. All 
that is neglected is the hydrogen. But in blast-furnaces 
using coke, the influence of hydrogen is almost nothing. 
The hydrogen can only come from two sources, the moisture 
of the air, and the hydro-carburetted gaa, which remaina in 

* Tlie other metliods of determining tlie maaa of Mr are tiie three follow- 
.ng : The flrst consists in assuming the ideal worlting of the furnaces — that 
to say, In supposing that all the carbon of the coke reaches the twyers 
tact, and then calculating tlie oxygen corresponding. But we haye seen 
above (Sec. 5) that even in the case of good working tho carbon reacliing 
the twyers may be 16 per cent, leas than tiie total carbon of tlic coke, which, 
of course, involves an erroneous estimate of the air, TLe second method, 
based on tlie formula for the outflow of air by a conical mouthpiece, gives a 
still higher figure.. This formula, habitually used as given by d'Aubuisson, 
Kar3l«n, and Weislarch, gives the volume of air which has no otlier 
resistance to overcome than Ihe counter pressure of the atmosphere whilst 
in fact, the blast meets in the furnace a resistance greatly above this and 
which DO experiments can delermme Beii ies this all the air loes not 
pass by the eye of llie twyers a quite notible tract on is thrown back 
outside. Tho third method, that baie 1 on the voli me passe 1 through by 
the piston of tho blowing cylinder, is quite uncertain, because neifher the 
losses by the quantity thrown haok, above referred to, nor the losses by the 
parts and valves, and In. the hot-blast stoaes, and from other im 
can be determined. 
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even the best made coke — but this hydrogen is very little, 
and acts with the CO in reducing the oxide of iron. It also 
becomes transformed into steam in the upper part of the 
furnace. Only a small fraction escapes with the gases 
without being oxidized. Mr. Bel! never found more than 
0-001 of hydrogen in the gases of Cleveland and Ebelmen, at 
most, 0-0013 to 0-0018 in the three worlds of Vienne, Pont- 
Evfique, and Seraing. 

This small proportion has no influence on the working of 
the furnaces, and may certainly be neglected in the practical 
calculations with which we are now engaged. There is no 
question at present of blast-furnaces working with raw coal. 

Let us now show how well the formulas we have found 
correspond with the results found by Mr. Lowthian Bell by 
two examples : — 

Let US take, first, the small furnace of Clarence Works of 
1853 (see § 2), the height of which is 48 feet, and the 
internal capacity 6000 cubic feet. The consumption per ton 
of iron is 1-45 tons of coke, or 1-318 of pure carbon, and^^^ 
of flux. 

We have in the formulas of § 17 
a = r^-318 v- 
b = 0-12 X 0-- -= U''' ■Ol->6 
hence p == 1'" -318 + O-Otiti — 0-03 = 1"' -354. 



On the other hand, the analys 


a of the gases gave 


CO- 




11-8(1 


CO 




30-50 


Az - ,' 




67-60 


S-J 




0.10 



db,Googlc 



40 STUDIES OF BLAST TUENACES. 

and from this we deduce: — 



^"=JJ1=»- 




" 33 + 21 X 0-387 ~ 


591. 


CO' = my =. 2-ii«i X 0-387 -■!»■ -002. 




d-^x 0-096 + i.(3J3) --0-:56 + 0-423 - 0»-079 


X = ?||i (44 + 66 X 0-387) - 0-67G - 1"> 


•531. 


2-0-9767 X 1-.531-- ]" '^I'i 




and the nitrogen = 3-33 x 1 495 = 4"' -978, 




-which gives as the -weight of gaa per lb. of pig 


yielded 


CO' . . . 1>»-002. 




CO . . . 2»-591. 




N ... 4»-97S. 





Weight of dry gases S"' -571. 
and Mr. Bell's complete analyBis gave 
C0= . V -002 
CO . 2'" -591 
N . 4'" -893, a difference of 0.085, or less tiian 2 % 

S'" -486. 

Let us now take, as a second example, the blast furnace 

of 1866 at Clarence "Works, height 80 feet, capacity 11,500 

cubic feet. The consumption per lb. of pig ia 1-125 lb. of 

coke = 1-020 of pure carbon, and 0-683 of flux and limestone. 

a = 1'^ -020 

b = O"" -12 X 0-683 = 0-0&2 
therefore p = V-" -020 + 0-082 — 0-03 = 1-072. 
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The analysis of the gases gave 

CO- ... 17-30 

00 ... 25-20 

If ... 53-40 

H ... 0-10 

100-00 
Henee ^'orm _ 1^| _ 0-0865 , 

" 33 + 21 X 0-6865 47-4165 = ' '™- 
00* - my - 1-740 X 0-6865 = 1-195 

rf = A X 0-082 + -J (3-03) - 0"» -219 -f 0123 = 0-642 

1 -740 
2-^^(44+56x0-6865) — 0-0-12-l-863 — 0-612 = l»-221 

z - 0-9767 X 1-221 = l" -192 

and N = 3-33 X 4-192 = 3"^ -069. 

which gives the following as the quantities of gas per lb. of 

pig yielded: — 

CC 1-195 

CO 1-740 

N I 3-969 

weight of dry gases 6-904 
and comparing this with the complete analysis — 
CC . 1-195 
CO . 1-740 

N . 3-965, a difference of 0-004 or 0-1 ^, 
we see thus that the agreement ot the formulas is as exact as 
, and indeed, by pure chance, greater than we had 



db,Googlc 



*2 STUDIES OF BLAST FURNACES. 

any right to expect; for the method of analysis, or rather 
the method of taking the specimens of gas for analysis, 
adopted by Mr. Bell, does not admit of perfect exactness. 

Although the results given by Mr. Lowthiaa Bell arc the 
means of several specimens, it cannot be admitted that 
specimens taken almost instantaneously really give the true 
composition of the gas of a blast furnace, Ebelmen himself 
said, in speaking of the analysis of the gases at' Beraing, 
"We must conclude from this that the analysis of the 
escaping gas of the furnace does not represent the mean 
composition of the gaseous current."* And yet Ebelmen 
looked only to taking the means of the different gaseous 
currents at a given instant, whilst in order to have a clear 
idea of the working of a blast furnace, not only must we 
have the exact mean of all the currents escaping at a given 
instant, but of the true mean of a period of several hours. 
This important point has not been riffllized. by any of the 
apparatus hitherto employed, and in taking specimens the 
following system is therefore proposed. 

§ 9. ^ method of taking specimens securing a mean of all the 
gases during several hours. 

This system is borrowed from the researches of MM. 
Scheurer-Kestner and Ch. Meunier on the products of com- 
bustion of coal.* 

In order to obtam an exact mean a certain volume of the 
total gaseous current which passes from the top of the furnace 
to the boilers or heating stoves, etc., is drawn off continu- 
ously during several hours, and as it would be impracticabJe 

* AnnaUs da Mines, t. xix. 4* aerie, p. 137 ; also Note I. Appendix. 
I BulUtin de la Societe IndmlrkUe de Mulhouse, 1868. 
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to collect the totality of the gaaea thus drawn off, a certain 
fraction is withdrawn in the same manner and continuously 
into a Mariotte's jar filled with mercury, containing about 3 
litres. The general arrangement of the apparatus is as 
follows : — 

Into the main pipe, whicli carries off the gases, there is 
passed a copper tube m n of 1 centimetre in diameter to IJ 
centimetres (a half-inch tube), fy. 13, of a lengtli about 
double the diameter of the main pipe in question. The part 
inside the main pipe has a slit throughout that length, as at 
p. q, about ^ a millimetre wide {jV inch). This allows of the 
gases being drawn uniformly from every part of the current. 
The part of the copper tube outside the main pipe passes 
through a refrigerator on Liebig's system. Lastly, the 
extremity of the tube communicates by means of an India- 
rubber junction with the leaden pipe which serves as 
exhaust. This is composed of a kind of trompe a b, provided 
with a cock, which allows of the current of water being 
regulated, and with a branch c d of greater or less" length, 
according to the locality. This latter is soldered to the 
vertical tube a b, a, little below the water-cock, and is also 
provided with a cock, which, working in concert with the 
other, serves to regulate the flow of gas. It is the end of 
this branch c d which is united to the copper tube m si by a 
joint>piece of India-rubber. Lastly, the lower end of the 
trompe opens into a cistern of water, which would in fact 
allow of measuring the gas drawn off by receiving it for a 
certain number of minutes under a glass receiver. 

It might happen in many cases where the pressure of the 
gases in the main tube is strong that the trompe could be 
dispensed with, and the gas be taken off at onee-iuto the 
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lower cistern without using the current of water. But in 
any case it is more prudent to provide the trompe. It is a 
simple means of regulating the flow of the gases. It may be 
made to come at the rate of three or four litres per minute. 

Now, to collect a certain fraction of this gas — two or three 
litres in the course of several hours — it is only necessary to 
use the Mariotte vase above mentioned. For this purpose 
the tube mnia provided with a small tube h not far from its 
outer extremity. A bit of India-rubber tubing makes tlie 
communication with the straight tube of the Mariotte vase. 
The flow of mercury is regulated by a bent tube with cock, 
which may be raised or lowered at pleasure. And then a 
second upper tube of the Mariotte vase has also a tube with 
a cock g, which is only used when the gas is drawn off for 
analysis. When the Mariotte vase has to be filled, the 
mercury must he let in by the vertical tube till it iafuU, and 
overflows by the cock g to expel all air. This cock is then 
closed, and the mercury rises to the top of the straight tube. 
Then by means of the India-rubber the connection between 
this straight tube and the tube h of the copper tube m n is 
made. If the gas does not come off spontaneously by the 
India-rubber, a slight aspiration must be applied so as to 
expel all air it may contain, and then make the joint with 
the straight tube of the Mariotte vase. 

"Wliat has been said above is sufficient to explain the 
working of the apparatus. It appears that by a double 
system of aspiration specimens representing as exactly as 
possible the average of the gases flowing from the furnace 
during several hours may be taken for analysis. It will of 
course be well, should the tension at the moment of charging 
be very different from the general tension, to desist from 
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drawing off the gas until a certain interval has passed, until 
the usual regime is re-eatabliahed. 

Ab to the analysis of the gases thus collected nothing ia 
more simple, as it is only required to determine the propor- 
. CO' 
CO' 

gas which has to be examined. The way to operate is as 
follows: The gas comes out slowly by the cock g from the 
Mariotte's vase, by letting in mercury by the straight tube. 
The gaaea are dried in U tubes with chloride of calcium, or 
pumice stone with sulphuric acid. The carbonic acid is 
taken up by potash tubes. Burn the carbonic aeid (CO) by 
the oxide of copper, retain the water formed by the small 
quantity of hydrogen present, and then determine the 
carbonic acid produced from the carbonic oxide by means of 
a second system of potash tubes. This analysis will only be 
inaccurate in cases where the gases contain appreciable 
quantities of carburetted hydrogen, which never takes place 
when the furnace is working with coke. 

A last precaution is perhaps necessary iu taking the speci- 
mens of gas. There are furnaces which smoke a good deal, or 
in which the gases carry off quantities of fine dust. In such 
eases the slit in the copper tube might get obstructed more 
or less. This happened to M. Scheurer-Kestner in his 
■experiments -tvhen tiiere was much smoke. This difficulty 
may be oyercome aa this able chemist did it. A little rake, 
composed of a short slip of copper put into the copper tube, 
could be drawn backwards and forwards by a rod passing on 
the outside, and thus the slit kept clear. 

ay 

CO' 
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of the gasea should be determined. When the mine ia not 
hydrated ores the temperature of the gases may rise to 400° 
or even 600° C, which renders the mercurial thermometer 
inapplicable, and there the thermo-electric pyrometer, or the 
resistance thermometer of Siemens, or the pyrometer of Lamy, 
based on the variable tensions of CO' derived from the 
decomposition of the carbonates of lime and magnesia.* 

§ 10. Determination of the caloric consumed in Mast Furnaces. 
— Suppose we have determined the two elements we have 

been considering - - = m, and the temperature of the gases 

as they leave the furnace. Let us now see how we can 
employ these elements to determine the working of the 
furnace. The question is to compare exhaustively the caloric 
received and the caloric consumed. It has been already 
shown how the caloric generated in the furnace by combus. 
tion may be calculated, when we know the total weight of 
CO' and CO in the escaping gases. Further on it will be 
shown how the caloric produced near the twyres — in the zone 
of fusion, and that generated in the zone of reduction, may be 
separately estimated. In both cases the caloric carried in by 
the hot blast must be added to the caloric produced in the 
furnace, in which there is no difficulty if we know the 
temperature of the blast. It is the sum of these two 
quantities, caloric produced and caloric thrown in, which 
makes the total quantity received. For the present, let us 
show how the caloric consumed may be determined. 

It is composed of f<Jur parts: — 

1. The caloric absorbed by the reduction of the ores and 

• CompUa Eendu), tome iiis. p. 347. 
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bj the fusioit of the pig-iron. This is a constant element for 
a given quality of pig, and one which varies very little for 
different qualities of pig. 

2. The caloric absorbed by the fusion of the slags, the 
decomposition of the limestone, the evaporation of the water 
in the coke and in the charges of mineral, and lastly, the 
decomposition of the water in the air. 

This second part is essentially variable, not only on 
account of the different quantities of lime used, and of water 
in the ore and fluxes, but also from the very varying compo- 
sition of the slags, which on this account require very 
different quantitiea of caloric for their fusion. 

3. The sensible heat carried off by the gases. This is 
also a variable element, but always easily calculated when 
we know the composition and temperature of the gases. 

4. The calorie lost by radiation from the walls of the 
furnaces by contact, or by artificial means of cooling. Some 
experiments have been made to determine the losses in this 
way, but in general they can only be appreciated by deducting 
from the caloric received the sum of the quantities due to the 
first three causes. 

Let us now endeavor to estimate the value of these differ- 
ent elements. 

§ 11. Caloric absorbed by the reduction of the ores and the 
fusion of the -pig-iron. — "We may here admit as in § 7 that the 
pig-iron contains 0-94 of iron, and 0-03 of carbon, and 0'03 
of silicium, phosphorus, sulphur, and earthy metals, etc. 
The caloric absorbed by the reduciim'ii equal to that given 
off by 094 iron burned to the state of peroxide, plus the 
caloric given off by the oxidation of 0'03 silicium, phos- 
phorus, etc. 
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The caloric produced by the oxidation of iron has been 
determined by several experimenters. 

By burning iron in oxygen Dulong found that the caloric 
produced for each lb. of oxygen is 4327 calories.* 

Supposing there was formed magnetic iron or Fe'O, this 
would amount per lb. of iron to 

^^JL^.\ X 4327 = — . V 4327 = 1648 calories, 

i X 28/ 21 

or, applying the law of Weltker, for the passage 

of re'O* to Fe'O' per lb. of iron giving peroxide, 1854 " 

According to Mr. Andrews quoted by Mr. Bell 

the caloric produced per lb. of iron giving 

Fe=0'is 1582 " 

and this gives for the peromWe .... 1780 " 

Again, Favre and Silbermann* found for the 

transformation of a lb. of iron into protoxide 

by the wet way was 1352 " 

which gives for the peroxide 2028 " 

If we adopt the mean of these three determinations we 

have 1887 calories. This ia the figure we shall adopt for the 

caloric absorbed in the reduction of the peroxide of iron for 

each lb. of metallic iron yielded. But it must be borne in 

mind that this number is only a more or less accurate 

approximation. Not only the experiments q^uoted do not 

agree with each other, but we do not know that the law of 

"Welther is exact for the transformation of Fe'O* and FeO 

into Fe'O; and besides, the quantities of caloric given off 

and absorbed vary with the density and molecular condition 



* Annals de phyaigue et de ehimie, 3= strie, t 
t Ihid., torn. KXivii. p. 435. 
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of the products. Lastly, if we accept the experiments of 
Despretz, we get a much higher number. According to this 
physicist the combustion of iron produces 5325 per lb. of 
oxide, which corresponds to 2019 per lb. of iron passing to 
the state of Fe*0*, and 2271 when the metal is tmnsformed 
into the peroxide.* 

Ab to the caloric arising from the oxidation of the 0-03 of 
silieium, phoaphorua, earthy metals, etc., it is still more diffi- 
cult to get accurate data. We know from the experiments 
of MM. Troost and Hautefeuiile, that the caloric produced 
by the oxidation of silicium is 7830 calories, and according 
to Mr. Andrews the oxidation of phosphorus yields 5767 
calories. 

• We have no knowledge of the caloric corresponding to 
the earthy metals. But as silicium is generally the pre- 
dominant element, we shall not probably be far wrong in 
adopting 7000 calories for the caloric of each lb. of these 
elements. It is also probable that the combination of 
ailicium with iron produces caloric, and therefore we may 
with more confidence reduce the number 7830 calories 
formed for pure silicium. AVe may therefore admit that the 

* Let ns here call to mind that the 1837 calories per lb. of iron corre- 
Bponda to 1887 x -„ =4403 cals. per lb. of oxygen. This is the value of C 

itt § 4. It follows hence that the reduction of peroside of iron by CO ia 
accompanied by sligbt absorpHon of caloric, 4403 — 4305 = 198 caloriea. 
Whilst if witli Mr. Bell we adopt 1780 calories found by Andrews, we have 
per lb. of oxygen 1780 X „ = 4153 calories, from wLicli would follow that 

there is a alight dUen/jagemeni of caloric at the moment of reduction by CO, 
to 52 calories. 
4 
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reduction of the ores, fluxes, etc., will absorb for each l!j. of 
iron yielded 

For the iron proper . . 0- lb. 94 x 1887 = 1774 cals. 
For the other elements . 0- lb. 03 x 7000 = 210 " 

therefore, the caloric absorbed by the reduction = 1984 " 

And we may at once observe that of these 1984 cals. about 
1700 are consumed in the upper part of the furnace, and 
about 250 to 300 in the lower regions of high temperature. 
To the caloric of reduction must be added that of the pig- 
iron in fusion. This ia composed of three parts — the calorie 
absorbed by pig-iron in its passage from ordinary temperatures 
to that of fusion — the caloric necessary for liciuefaction (the 
latent heat of fusion), and lastly, that consumed by the pig- 
iron in coming to the mean temperature of the hearth. 

Practically, however, these distinctions are useless. The 
essential is to know the total heat contained in the pig-iron as 
it runs from the furnace. This varies with the working of 
the furnace, and depends eesentially on the mean temperature 
of the hearth, or, in other words, the degree of fusibility of 
the slags.* If the slags be refractory, such as earthy proto- 
silieates, the iron will be Ao;,'and will run from the tap at a 
higher temperature than if the slags be rich in manganese 
and in alkalies — or even if they be bisiUcate of two or more 
bases. "We need not therefore be surprised if the estimates 
of the total caloric of pig-iron, as given by different experi- 
menters, do not agree with each other. 

Ordinary calorimeters were employed. The caloric taken 
up by the water from pig-iron In fusion poured into it was 
estimated. 

* See Note II. Appendix. 
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M. Minarj and K^eal, experimenting with pig-iron fused a 
eeeond time, just before it began to solidify, found 255 eals.* 
M. Rinman obtained from pig-iron of different brands, 261 
cals., 257, 256, 252, and, on the whole, 46 calories would 
represent the latent heat of fuaion.f 

Instead of 255, Messrs. Minary and R^sal found the total 
calorie 292 calories, in experimenting with gray foundry iron 
run from a cupola. But the east-iron from the blast furnace 
is generally hotter than that of cupolas. M. Rinman found 
300 as a mean for the cast-iron from charcoal furnaces with 
extremes of 270 and 311. 

Alessrs. Boulanger and Dulait givej— - 

For forge iron — coke furnace . 309 cals. 
Por foundry iron .... 337 " 
M. Vathaire, on the other hand, found| — 

For white iron .... 280 cals. 
For gray, No. 3 . . . . 330 " 
and lastly, Mr. GiUot, civil engineer, found 

for pig-iron run from a cupola, and as a 

mean of two experiments made at the 

blast furnaces of liizy .... 337 " 
for gray iron from charcoal furnace. 

Mr. Bell adopts M. Vathaire'a figure, 330 calories : and this 
is the number we shall adopt tor gray No. 3, until better 
informed. But it is evident that experiments have to be 

* Annaks de» mines, 5th series, t. xix. page 406. 

t M6moire pr£seiiti5 k I'Acaderaie de Stockholm, 15th May, 1885. 

J Settle de Liege, 1862, t. ii. 

§ Etudes sur les bauts-foucneaux. 
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multiplied, and especially the dependence of this number, 
330, on tlie greater or less fusibility of tbe slags, and on the 
quality of the iron, baa to be further examined. 

As a resume, we may in the mean time adopt, as the caloric 
absorbed by the reduction of the ores, etc., and the fusion of 
the iron for gray forge iron, No. 3, 

1984 calories for reduction 
and 830 " for fusion 

Total . 2314 calories. 
§ 12. Caloric absorbed by the fusion of the slag, the decomposi- 
tion of the limestone, etc. — The slags have very different degrees 
of fusibility. Many years ago, Sefstrom and Berthier ascer- 
tained that biailicates and even triailicatea of lime, magnesia, 
and alumina, are more fusible than the protosilicates, and 
generally the moat fusible silicates correspond to compositions 
near to bisilicates.* It is on this account that the bisilicate 
formula is aimed at in all cases where the presence of sulphur 
or some analogous motive does not demand an excess of lime 
in the charges. And from this circumstance we see that not 
only the caloric absorbed by the slag, but that of the iron 
yielded, must vary, as above indicated, with the chemical 
constitution of the slags. The difference in the fusibility of 
slags has been proved by Plattner also, by comparing it with 
various alloys of gold and platinum. But if fusibility varies 
with the composition of the slags, so must the total caloric. 
The earthy singulosilicates, which are little fusible, must take 
more caloric than tbe bisilicates of these bases, or than the 
silicates containing a certain proportion of alkalies, and of 

* See Note II. Appendix. 
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the oxides of iron and manganese. Hence, a diversity of 
results has been obtained by experiments on slags as by those 
on cast-iron. 

For a very irony slag from a cupola, MM. Mineray and 
R^aal found 336 calories. 

For a slag, approximating to seaq^uisiUcate of lime and of 
magnesia, M. Rinman found 441 calories, and for another 
430. For a glassy slag from charcoal furnace, having man- 
ganese in its composition, and approximating to a biailicate, 
M. Gillot found 370 to 380 calories. 

MM. Dulait and Eoulanger found, for a slag of No. 3 iron, 
433 calories, and for one from gray iron for foundry, 492. 

These two latter slags, like the most of slags coming from 
blast furnaces working with coke, are generally nearly singu- 
losilicates. The first certainly contained oxide of iron. 

Lastly, M. Yathaire found, for a slag from a coke furnace 
yielding No, 3, 350 calories ; and Mr. Bell found even 572 
calories, but considers this number as a too high determina- 
tion. From what precedes, we see that slags which are 
bisilicatea and contain manganese, do not retain more than 
370 to 400 calories in flowing from the fumacra, whilst 
sesquisilicates retain about 450; aud that singulosilicates may 
take as much as 500 calories when they contain neither iron 
nor manganese, but, on the other hand, a high proportion of 
earthy bases. 

Again, Mr. Bell admits 550 eals. for the total caloric of 
slags of Cleveland So. 3 iron, by reasoa of their strong pro- 
portion of lime and alumina. 

In any case, the slags always retain more caloric than the 
iron. They have both a higher specific heat and a higher 
latent heat. This latter is as high as 120 cals., according to 
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Rinman, for sesqiiisilicates, whilst that of cast-iron is only 
46. lint we see from the diversity of reaults, that in order 
to have an exact estimate of the calorie absorbed, we sliould 
have to make special experiments on each slag. 

We have more exact experiments on the calorie absorbed 
in the decomposition of limestone. MM. Favre and Silberiiiann 
found the number 373-5 calories for ealespar, and 360-6 for 
arragonite,* Thus, in this ease again, the molecular state 
haa a certain influence on the caloricity, and it cannot be 
affirmed that every limestone, crystalline or amorphous, 
dense or porous, requires the same sum of caloric for its 
decomposition. Still, we may admit 373-5 for our present 
purposes. 

We have now to estimate the caloric absorbed by the 
vaporization and decomposition of water. For the evapora- 
tion we shall adopt Hegnault's number, 606-5 calories. 

For the decomposition of water, we have 29,003 calories per 
lb. of hydrogen set free. This is the caloric produced by the 
combustion of hydrogen to steam.f The result, therefore, is 
— ? — iEB 8222 calories per lb. of water. 

Let us remark in conclusion, that though the fusion of the 
slags absorbs caloric, the combination of silica and the bases 
probably disengages a certain amount of caloric which we 
cannot estimate. 

§ 13. Sensible heat carried off by the Gases. — The calorie 

* AnnaUa de physique et de ehimie, Sd series, t. xssvii. 

t 1 lb. hydrogen produces 34,489 calories, the steam being condensed to 
0°. If water remwned in the slate of vapor at 0^, we must deduct 9 -|- 006-5 
= 5438-5. Hence the figure 89,003 above given. Compare Bdl, sectaon 
Xli. Tr, 
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carried off by the gases is easily calculated if we know their 
composition and their temperature. 

It ia only necessary to consider separately each constituent 
of the-gaeeous mixture. Taking the specific hcata determined 
by Regiiault we have jier lb. and for each degree Centigrade : — 

ForCO= . ,. 0-217 calories. 

CO . . 0-226 " 

N . , 0-244 " 

Steam . . 0-480 " 

and we find further on, that, according to the mean composi- 
tion of the gases of bl^st furnaces (coke), the specific heat is 
as a general average very nearly 0*237. 

§ 14, Caloric lost by radiation from the walls of furnaee, etc. 
— The caloric thus lost is composed of several parts. There 
is the heat carried off by the cooling water, which is easily 
determined ; there is the heat dispersed by radiation from 
the walls; that which the air carries off in its currents past 
the walls, and that which passes into the base of the furnace 
by conduction. These two latter cannot be determined, but 
we may attempt to determine what is lost by radiation. 

Mr. Bell made experiments ou this subject on a blast 
furnaee on the Wear. He used an oblong vessel of copper 
holding about nine quarts of water, every side of which 
except that put to the furnace was cased with flannel and 
with wood, with interposed thin strata of air. 

% applying this uncovered side to different parts of the 
wall of the furnaee, Mr. Bell ascertained the caloric given off 
per unit of surface, and hence for the whole surface of the 
furnace. In this way he found — 
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For the 'Wear furnace per lb, of iron . 186 calories 

And for the caloric carried oif by the water 
of the twyres, 10,150 lb. of water heated 
to 9°-16 Centigrade . . . . 93 " 

Total . 279 " 
And to this must be added an allowance for caloric carried 
off by the air currents, and that lost in the foundations. 
And thus the number 300 or even 400 calories may be 
adopted for this source of loss of caloric. 

I 15. jyetermination of the Caloric received by a Blast 
Furnace. — Let ua now return to the caloric produced in the 
interior of the furnace. IN^eglecting the caloric resulting from 
the combination of the elements constituting pig-iron and 
the slags, the caloric produced is derived solely from the 
transformation of carbon into a certain mixture of CO^ and 
CO. 

This caloric may be calculated, either ty deduction from 
the analysis of the gases, or by considering separately the 
zone of combustion near the twj-re and the zone of reduction 
in which CO is transferred into CO^. 

Let U8 first apply a knowledge of the analysis of the gases. 

Making use of the notation of § 7, we have y = the iveight 
of CO, and my = the weight of CO^, and hence ~ -y = 

the carbon in CO, and — my ™ the carbon in CO*. But the 
11 •' 

carbonic acid contains b of carbon derived from the limestone, 

therefore the carbonic acid produced by combustion only con- 

- 6 1 of carbon. 



<&' 
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The caloric produced is therefore composed of the two pro- 
duets: — 

A y X 2473 + {A-my — b\ x 8080 calories (4). 

Let 119 now ascertain how this ealoric is divided between 
the two zones. ' One portion of carbon is transformed into 
CO in the upper part of the furnace,|the remainder descends 
to the sphere of the twyres, and there again produces CO,l^iid 
lastly a part of the total CO arising from these two sources 
is definitively burned to CO" by the oxygen of the ores and 
fluxes. The calorie generated in the zone of reduction is thus 
composed of the sum of the quantities of calorie produced (1) 
by this partial combustion of carbon into 00 in the upper 
part of the furnace, and (2) by the formation of CO" under 
the action of the ores and fluxes. It is easy to calculate 
those quantities of ealoric respectively. 

The 0-94 of iron in a lb. of pig-iron were united in the per- 
oxide to -— X 0-94 = 0'" -403 of oxygen, and this oxygen 

unites with a portion of CO containing f X 0-403 = 0-302 
carbon. If, then, the CO" thus produced were not partially 
reconverted to CO, if, in other words, the working of the 
furnace were what we have termed the ideal, we should find 
in the escaping gases a weight of CC containing 0"* -302 + 
b of carbon, b being, as we have said, the weight of carbon in 
the limestone. But the gases of the furnace contain only 

(A my \ of carbon in C0= ; therefore 0»> -302 + b — (l^my\ 

represents the carbon of the portion of CO^ which has been 
reconverted to CO, and as CO" burns exactly the weight of 
carbon which it already possessed, this expression will 
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represent the carbon burned to CO in the region of reduction. 
On the other hand, as (a — 0-03) is, according to § 7, the total 
carbon of the coke, minus the 3 % taken up by the pig-iron, 
we perceive that the carbon burned at the twyres is given by 
the difference— 

(a-^-m) — { 0-302 + b—-- my \ 

and hence the caloric produced near the twyres will be 

(5) j (a — 0-03) — ( 0-302 + b — ~myy>x 2473 cals. 

Aa to the caloric produced in the zone of reduction, it, as we 
have seen, arises from 

(1) Carbon burned to CO by the ores, or 

{ 0-302 + b— —mi/\x 2473 calories. (15) 

(2) The CO transformed into CO^ by the ores. 

Now the CO^ thus formed contains /- - my — b\ carbon, 

and corresponds to -^(^^ my — b\ of CO; (7) 

which by combustion would give 



7/ 3 



(-ii-^-') 



X 2403 calories. 



The sum of these three products must equal the number 
we have found above by the first method — that is, in starting 
simply from the analysis of the gases — that is, they reproduce 
the expression — 

A 2/ X 2473 + {-^ my — b\x 8080. (4) 

And this, in fact, is easily verified. The sum of the two 
first expressions (5) and (6) eomo in the first place to 
{a 0-03) X 2473 calories. 
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This is the caloric produced by the total carbon of the coke 
transformed to CO. Aa to the third expression (7), wliieh 
gives the caloric produced by the transformation of CO^, it 
may be written thus— 

dj;*"^ — * ) ^ 4" ^ ^^^^ ^ (-0™^/ — * ) X 5607; 
and as 5607 = 8080 — 2473, we have finally, 
-3(^^™y-'')x2403 = (|jmi/-i)x8080-(^^^-my-6)x 
2473 and hence the sum of the three expressions (5), (6), and 
(7)18 (a — 0-03— ^--my + b\x 2473 + -^ my — b\ x 8080(8) 

which is evidently equal to total sum (4); for, according to 
our notation and equation (1) of § 7, we have 

a + t_0"'-03 = p 
and (^p+ ^^. my'j^-^-p 



as in the sum (4). 

From what we have above said it will now be easy to 
compare the caloric consumed and the caloric received. It is 

'00 = '^' 

aud the values of a and b in the charges referred to the lb. of 
iron yielded. 

Let us apply the formulas we have developed to some 
examples, and first let us take the Cleveland furnaces, which 
were the subject of Mr. Bell's investigations. 

§ 16. First example. — As a first example we take the small 
furnace of Clarence Works of 1853, already mentioned, § 8, 
and shown in fig. 2. The height is 48 feet aud the internal 
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capacity 6000 eubic feet. There are 1-450 tone coke con- 
sumed per ton iron yield— that is 1-318 of pure carbon. 
We have therefore per lb. of iron yielded — 

Carbon in the coke, or a = . . . 1'" -318 

Carbon in limestone, or b = 0-12 x O-sO -O'.V! 

Total carbon 1 ■414 

Carbon absorbed by the cast-iron ■ :.- '030 

Total carbon of the gasee, or p = . l"" -384 

These data give, by the formula of § 7, as has been shown in 
§ 8, the following results: — 



According to the analysis of the g 



= 0.387 



Weight of the dry Gases, 
my or CO^ = 1'* ■u02CarboneontainedO"'-2735 = 



y or CO =2-591 


1 -1105=^ 


3-33^= W:^ = 4-978 


^.->. . -, 


. 


Total carbon . l"'-3840 = ^ 


Weight of dry gas = 8-571 




Water from coke = 0-051 





Weight of moist gaa = 8-622 

Weight of Air of Blast. 
Oxygen of dry air {z) 

N . . . . 

Weight of dry air 
Moisture 0-0062 X 6-473 

Weight of moist air . 
or 6-513 tons per ton of pig-iron yielded. 



= 1" -495 


= 4 


■978 


= 6 


■475 


-0 


■040 
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Calorie carried in by the blast. — The temperature of the hlast 
was 485° C. 

The specific heat of dry air is = 0.2375, and as that of 
vapor is 0-48, the mean specific heat of the blast is 



0-2375 + 0-0062 x 0-40 



= 0-239 



and this gives, for the calorie carried in by the moist blast, 
^■:jU X 485° X 0-239 =-755 calories. 

Caloric produced in the furnace. 
The caloric due to 00° — 
(n ^~^) ^ ^^^^ " (0-2T^5 — -^-OOi;) X 8080 = 1434 calories. 
The calorie due to CO — 

Ay X 2473 = 1 ■l105 x 2473 = . . -2746- " 

Caloric produced in the furnace by 1-2S8 

carbon = 4180 " 

and hence caloric from 1 lb. = . . . 3245 " 
whilst, if this lb. were completely burned, it would have pro- 
duced 8080 calories, so that the caloric really developed is 
only 0-40 of the calorific power, properly so called, of the 
coke consumed. 

It will now be shown how this c^oric 'produced is divided 
between the zone of the tv:yres and that of reduction. 

The carbon burned in the zone of reduction is given by 
the expression, 

-0-2735 = 0'i' ^245. 
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The total carbon burned in the furnace, as above 

shown, 19 = 1-288; 

therefore, the carbon burned near the twyres . = l-t635, 
and the calorie proihiced in this zone, 

1-1(;3» X 2473 = 2S77 calories. 

As to the caloric of the zone of reduction, it ia composed — 

(1) of carbon burned to CO, or 

0-1245 X 2473 = ^08 calories. 

(2) of the oxide of carbon 

J (1 my — b\=^ (0-1775) ~ 0-414 calories. 

transformed to CO 

or 0-414 X 2403 = 0-995. calories. 

Hence, we have in the zone of reduction, 

For carbon burned . . 308 calories. 

Por CO burned ... 995 

Total of zone of reduction 1303 
Caloric of the zone of twyres 2877 

Total caloric produced . 4180 
Calorie carried in by the blast 755 

Total caloric received . 4935 

Let us now compare with this the total of caloric absorbed 
or utilized by the eubstaneca reduced and fused in the furnace. 

Eeferring to § 10, the caloric absorbed may be arranged 
under four heads: — 

(1.) One element, almost constant, which comprises the 
calorie taken for reduction of the ores and the fusion of the 
iron, which according to § 11, — 2314 calories. 
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(2.) The fusion of the sla^s, the decomposition of the limestone, 
etc., § 12, — If we take the data above given, we find — 
Fusion of slags . . , 1-610x550 = 885 calories. 
Decomposition of limestone . 0-800 x 373-5 = 299 " 
Evaporation of water in coke 0-051 x 606 = 31 " 
Decomposition of vapor in blast 0-042 x 3222 = 129 " 
Total .... 1344 " 
(3.) The caloric carried off by the gases {% 13).^The gases 
escape at the mean temperature of 452° C. ; therefore, from 
the known weight of the gases, we have — 

For C0= . 1-002 x 0-217 per \° c. 0-2175 cals. 
For CO . 2-591 x 0-226 « 0-5855 " 

For N . 4-978 x 0-244 " 1-2146 " 

For NO . 0-051 x 0-48 " 0-0245 " 

Total of gases 8-622 ..." ¥o42i " 
and for the mean specific heat of the gases, 

2-0421 ^0-237, 
8-622 

a number which is Nearly constant in the Cleveland district. 

Thus, en rhume, we find— 

(1.) Caloric taken for reduction and fusion of the iron 2314 cals. 

(2.) Caloric taken for fusion of slags, lime, etc. . 1344 

(3.) Calorie carried oft' by the gases . . . 923 

Total . . 4581 

and from this we have to deduct as i 

, , J. .. ^. ^ difference 358 

loss by radiation, evection, etc. ) 

Total, equal to caloric received . = 4935 

I 17. Second example. — As second example, we take the 

blast furnace of the Clarence Works of 1866, already 

mentioned in §§ 2 and 8 {fig. 6). 
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The elements of this furnace are^height, 80 feet; capacity, 
lljftOO cubic feet. 

Coke consumed per ton 1-125 tons, or pure carbon, 1,020 
Ore ... . 2-240 " 



Limestone . 
Slag produced 
Temperature of blast 
Temperature of gases 



0-683-' " 
1-520 " " 

485° C. 
332° 0. 
from which we find per lb. of pig-iron produced, 

Carbon of coke, a — . . . 1"' -020 
Carbon of limestone, 6 = 0-12 X 0-683 -082 

Total carbon, « 4^6= . . 1 -102 
Carbon taken up by iron . . -030 

Total carbon of gases, p = . l'" '072 
On the other hand, the analysis of the gases gave m = 
0*6865, which, with use of formulas of § 7, gives the following 
resulte: — 

Weights of Gases, 
my or CO^ = 1-195 Carbon contained, 0-326 = — my 

!/ or CO B 1-740 - " . 0-746 = —y 
3'33zorN" = 3-969 ' " ■ 



Total carbon . 



"Weight of dry gases = 6'904 
"Water from coke = 0-029 

"Weightof moist gaa= 6-933 
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Weight of Air 
Oxygen of dry air (z) . 
Nitrogen 

"Weight of dry air 

Moisture 0-0062 x 5-161 . . -032 
"Weight of moiet air . . . o'^ -193 

or, 5-19,^ tons per ton of iron : 

Caloric carried in by Blast. 
5-193 X 485° X 0^39 - 602 calories. 

Calorie -produced in the Furnace. 
Caloric due to CO^: 

(l-my — b\ X 8080 = (0-326 — 0-082) x 8080 = 1971 cals. 

Caloric due to CO: 



.^- y X 2473 = 0-746 x 2473 



1845 



Calorie produced by 0-990 carbon . , . 3816 " 
and hence caloric by 1 lb. carbon . . . = 3854 " 

Which gives for the caloric really developed 0-48 of the 
calorific povrer of the coke consumed. 

The 3816 calories divide themselves between the zones of 
the furnace as follows: — The carbon burned in the zone of 
reduction is given by the formula : 



0-302 H 



11 



my = 0-302 + 0-082 — 0-326 = 0-058.« 



• It is riglit to call attention here to this number. 0-058 aUorheA in trans- 
forming C0= to CO is Itm than tlie 0-089 of carbon in the limestone, which 
Ijroves, contrary to Mr. Bell's opinion, Ihat the whole carbonic acid of the 
limestone is not neceBsarily transformed to CO in the blast furnace. 
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Hence the carbon burned near the twyres 0'990 — 0'058 = 
0'932, and the calorie produced in this region; 
0-932' X 2743 = 2305 calories. 
The caloric given off in the zone of reduction arises from 
(1.) The carbon burned to CO, 

= 0-058 X 2473 . . . =144 eal. 
(2.) The CO burned to COS 
=X/^m!/ — 6\ X 2403 = -^ x 0-244 x 2403 = 1367 cak. 

Caloric produced in zone of reduction . . 1511 " 

Or, to Bum up, caloric produced near the twyres 2305 cal. 

Do. do. zone of reduction . . 1511 

Total caloric produced by combustion . . 3816 cal. 
Caloric carried in by the blast .... 602 cal. 

And hence, total caloric received . . . 4418 cal. 

"We can already perceive, by comparing this total of caloric 
received with that of the liret example, § 16, that to produce 
the same useful effect, the supply to this second furnace ia 517 
calories less, and the difl'erence is altogether in the caloric of 
the region of the twyres. 

The caloric generated in the zone of reduction is even 208 
calories more in the large furnace than in the small. 

Let us now estimate the caloric absorbed. 

(1.) For the reduction of the ores, and the fusion of the pig- 
iron :'j J- ....'; 2314 cals. 

(2.) For fusion of slag and decomposition of lime- 
stone, etc., § 12 gives: 
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Tusion of slags . . J-MO- x ff&Q- == 836 ea!. 
Decomposition of lime 0-685 x 373'5 = 255 
Vaporization of water 

of coke . . 0-029 x 606 = 18 
Decomposition of vapor 
in blast . . . 0-032 x 3222 = 103 

Together .... 1212 cal. 1212 
Caloric carried "ta by gases: 
6-933 X 332° x 0-237* 545 

Total . 4071 
And hence losa by radiation and evection 

(difiercnce) 347 

f^ f — — 

Total of caloric t^eceived . 4418 cals. 

§ 18. Third example. — As third example, we take with Mr. 
Bell the Ormesby blast furnace, built in 1867 (fig. 8). 
The elements of this furnace are: — 

Height, 76 feet; capacity, 20,500 c. feet. 
As at Clarence "Works, the ores smelted are calcined Cleve- 
land ores. The yield is 63 tons of pig, Nos. 3 ami 4, in 24 
hours, which corresponds, to 326 cubic feet capacity per ton 
of iron: 

r of pure carbon, 1-017 t. 



Coke consumed 


per ton 


, 1-100 tons, 


Ore . 




2-440'"' 


Limestone . ■ 




0-625'' " 


Slag produced 




1-485 ■ " 


Temperature of blast 


780° -^ 


Temperature of 


gases 


412° . 



* 0-387 ia, according 1o § 16, tJie mean specific heat of tlie gases. 



dbyGoogIc 



'8 STUDIES OF BLAST FURNACES. 

And from these data we deduce per each lb. of iron yielded: 



Carbon of coke, a . . . . 


= 1-017 


Carbon of limestone, b = 0-12 x 0'625 


= 0-075 


Total carbon, a + b 


= 1-092 


Carbon absorbed by tbe pig . 


= 0-030 


Total carbon in the gases p . 


= 1-062 



On the other band, tbe analysis of tbe gases gave m = 0-542. 
"With these data, tbe formulas of § 7 give the following 
results : — 



mi/ = 



= C0= 

j/ = CO 
3-33 2 or N 

Weigbtof dry gasi 
HO from coke 

Weight of moist gas, 6 -616 



Weight of Gases. 
= l'" -000 carbon contained 0"'-272 = 



Total carbon 1 -062. 



3s,6'''-588 
, -028 



Weight of Air in Blast. 
Oxygen of the dry air {£) 
N 



"Weight of dry air 
Moisture 0-0062 x 4-867 

"Weight of moist air . 



1'" -124 

3 -743 

4 -867 
-030 



Caloric carried in by Blast. 
4-897 X 780" X 0-239 = 913 calories. 
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Calorie produced in the furnace. 

Caloric due to CO^ : 

(Am?/ — A 8080 = (O'" ■272 — 0-075) X 8080= . 1592ca!8. 

Caloric due to CO. 
~T/ X 2473 = 0-790 x 2473 .... 1954 " 

Caloric produced by 1-062 — 0-075=! 0'" -987 carbou 3546 *' 
And hence, caloric produced per lb. carbon . . 3593 " 

And this gives for the calorie really developed 0-44 of the 
calorific power of the coke consumed. 

These 3546 calories are divided in the following proportions 
between the two zones of the furnace. The carbon burned 
in the zone of reduction is given by 

0-302 + b — A mi/ = 0'" -302 4- 0'075 — 0-272 = 0'" -105 

Therefore the carbon burned near the twyres = 0'^ -987 — 

0"' -105 = 0-882, and the calorie produced in this region, 

0-882 X 2743 = 2181 calories. 

The calorie generated in the zone of reduction arises from 

(1.) carbon burned to CO = 0'^ -105 x 2473 = . 260 eals. 

(2.) CO transformed to CO^ 

or.J-(Ami/ — M X 2403 = J- x 0-197 x 2403 = 1105 " 

Caloric produced in zone of reduction . 1365 " 

Or, en rSsumS, Caloric produced near twyres . 2181 " 

Caloric from zone of reduction . 1365 " 

Total calorie from combustion 3546 " 

Caloric taken in by blast . , 913 " 

Total caloric received by the furnace 4459 " 
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Ou the other hand, fho caloric absorbed is composed of 

(1.) That for reduction of ore aud fusion of pig (a 

constant) 2314 cale. 

(2.) For fusion of slags, and decomposition of 
limestone according to § 12, 

Fusion slags . . 1-485 x 550 = 817 cals. 

Decomposition of lime- 
stone . . . 0-625 X 373-5 = 233 

Evaporation of HO in 
coke . . . 0-028 x 606 = 17 

Decomposition of vapor 

ill blast . . . 0-030 X 3222 = 97 

Together . 1164 1164 cals. 

(3.) For the sensible heat of gasos, 
6'* -616 X 412° X 0-237 646 



Total . 4124 
Hence (4.) loss by radiation and evection (by 

difference) ....... 335 

4459 

§ 19. Fourth example. — This is the blast furnace at Con- 
seit, smelting a mixture of calcined Cleveland ores and red 
hematite of Cumberland. 

The elements of the furnace are. 

Height 55 feet, capacity 9300 c. ft. 

Mean daily yield, 55 tons of pig-iron No. 5, which gives 
170 cubic feet capacity per ton yielded. 
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Coke consumed per ton of iron 1437 to iis,or pure carbon 1.0 
Ore 2-083 ■- 



Lime .... 0-412 ■ 






Slag produced . . . 0-960 






Temperature of blast . 454° C. 






Temperature of gas . 677° C. 


•i 7- ' ■> . 




From these data we have per lb. of pig-ir 


Dn yielded, 




Carbon in coke, a 


. =r 


■0355 


Carbon in limestone, h = 0-12 x 0-412 . 


. = 


.0495 


.-. « + 6 . 


. = 1 


■&850 







■0300 


Total carbon in gases, p =V 


■0550 


On the other hand, the analysis of the gases 


gave m = 


0^502. 



And now, with these data, we Lave the following results 
by the formulas of § 7 :■ — 

Weight of Gases. 



J, or CO = r^-SeSS do. do. =0 ■TO^S^ J- 

Total carbon, p = 1"' ■OSoO = ^ 
3^33 2 or N= 3 -8760 
"Weight of 

dry gases . 6 '6770 
Water from 

coke . . ^029 
"Weight of 

moist gas . 6'" -706 
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Weight of Air in Blast. 

Oxygen of dry air {2) 1">-164 

Nitrogen 3 -876 

Weight of dry air , 5 -040 

Moisture 0-0062 x 5-040 -031 

"Weight of moist air , 5'" -071 

Calorie carried in by Blast. 
6-071 X 454°, 5 x 0-239 = 551. 



' 3 , 



Caloric produced in the Furnace. 
Caloric due to CO' 



.my~b\ X 8080= (0-2555 — 0-0495) X 8080 = leMcak. 

Calorie due to CO. 
— 1/ X 2673 = 0'" -7995 x 2473 . . . 1977 " 

Caloric produced by 1'* -0055 of carbon (« — -03) = 3641 eala. 

Therefore, caloric by 1 lb. of carbon . . = 3621 " 

"Which, gives as the calorie really developed 0-45 of the 
caloritie power of the coke consumed. 

These 3641 calorics are divided between the two zones of 
the furnace as follows: 

The carbon burned in the zone of reduction given by: 
0-302 + b — Amy = 0»> -302 + 0-0495 — 0-2555 = 0-096 

and therefore the carbon burned near the twyres = 1-0055 
— 0'" -096 == 0-9095, and the caloric produced in this region, 
0-9095 X 2473 = 2249 calories. 
The caloric generated in the zone of reduction arises from 
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(1.) The carbon burned to CO, 

or 0-096 X 2473 237ca!s. 

(2.) The CO transformed to COS or 

-^(^my— fi\ 2403 = -|- X 0">-206 x 2403= 1155 " 

Calorie produced in the zone of reduction . 1392 

Add calorie produced at the twjrea . . 2249 

Total heat of combustion 3641 

Caloric carried in by blast .... 551 

Total caloric received by tlie furnace 4192 

On the other hand, the caloric absorbed is composed of, 

(1.) reduction of ores and fusion of pig-irou, according to § 11 

(constant) 2314 cala. 

(2.) For the fusion of 

slags, § 12 . 0'" -960 x 550 = 528 cals. 

Decomposition of 

limestone . . 0-412 x 373-5 = 154 
Evaporation of 

water of coke . 0-029 x 606 = 18 
Decomposition of 

HO in air . . 0-031 x 3222 = 100 



Together 800 cals. 800 

(3.) Tor the sensible heat of the gases (§ 13), 

6'" -706 X 477° x 0-237 .... 758 cals. 
Total 3872 
(4.) Loss by radiation and evection, etc. (ditferenee) 320* 

Total equal to the caloric received 4192 cals. 

§ 20. Fifth example.— This is the blast furnace No. 4 of 
Conaett, smelting like the preceding one, a mixture of calcined 
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Cleveland and red hematite of Cumberland ores. The 
elements of this furnace are :■ — 

Height 55 feet, and capacity 10,200 e. feet. 
The mean yield is 60 tone of Nos. 4 and 5 in 24 hours, or 
195 c. feet per ton of pig-iron. 

Coke consumed per ton 0-900 ton, or pure carbon 0-819. 
Ore .... 2-083 ^ 
Limestone . . . 0-406 ■ 
Slag produced . . 0-950 ■^ 
Temperature of blast 710° C. 

Temperature of gases 248° C. v 

And hence per lb. of pig-iron yielded : — 

Carbon of coke, a . . . . = 0"" -8190 

Do. of limestone, 6 = 0-12 x 0-406 = -0485 

Total carbon, a + b , . . = -8675 

Carbon absorbed by iron . . , = -0300 

Total carbon of gases, p , = 0'^ -8375 

The analysis of the gases gave m = 0-623. 

Applying the formulas of § 7 we find, 

Weight of Gases, 
my or CO^ = -8715 Carbon contained 0-2375 = - - my. 



y or CO = 1'" -4000 do. do. 0-6000 = 
3-33 zovN =2 -8670 

Total carbon 0-8375 
Weight of dry gases 5 -1385 
"Water from coke -0225 
"Weight of moist 
gases . . 5"* -1610 
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Weight of Air in BlasL 
Oxygen of dry air (2) . 
Nitrogen .... 



Weight of dry air 
Moisture in air, 0-0062 x 3'728 



Weiglit of moist air 



= O'" -861 
= 2 -867 



= -023 
= 3'" -751 



Caloric carried in by Blast. 
3-751 X 718° C. X 0-239 = (343 calories. 

Caloric produced in the Blast Furnaces. 
Calorie due to CO^:— 
/^my^l)\ X 8080 =■ (0-2375 — 0-0485) X 8080 = 

Caloric due to CO. 
— yx 2473= 0-600 x 2473 



1484 ■ 



Caloric produced by 0'" -789 of carbon = (« — 0-03) = 3011 
Hence caloric produced by 1'"- . . . = 3816 

Which gives for the caloric really produced in the furnace 
0-47 of the calorific power of the coke consumed. 

The 3011 calories are divided as follows between the two 
zones of the furnace : — 

The carbon burned in the zone of reduction is 
0-302 + 6— ^ my = 0'*' -302 + 0»* -485 — O'" -2375 = 0-113 
and therefore the carbon burned near the twyres, 

0'" -789 — 0-113 = 0-676, 
and the caloric produced in this region, 

0-676 X 2473 = 1672 eals. 
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279 cals. 



= 1339 cals. 

1672 cals. 
1339 
3011 
643 
3654 caia. 



The caloric generated in the zone of reduction arisea from 
(1.) Carbon burned to CO, 

or 0-113 X 2473 

(2.) CO transformed into CO*, 

J ( 2 my~b\ X 2403 = ^- X 0-189 x 2403 

Caloric produced in the zone of reduction 
which, en r^umS, gives 

Caloric produced near the twyrcs 
Do. do. zone of reduction . 

Total caloric of combustion 
Caloric carried in by the blast . 

Total caloric received by the furnace 

On the other hand, the caloric absorbed includes, 

(1.) For reduction of ores and fusion of iron (§ 11) 

constant 2314 cals. 

(2.) For fusion of slags, decomposition of lime, 
etc., § 12:— 
Fusions of slags . 0-950 x 550 = 522 cals. 
Decomposition . 0-406 x 373-5 = 152 
Evaporation of HO 

in coke . . 0-0225 X 606 = 14 
Decomposition of 
vapor in blast 0-023 x 3222 = 74 
Together . 762 
(3.) For the sensible heat of the gases {§ 13), 

5'^ -161 X 248° X 0-237 

Total 
Hence loss by radiation, evection, etc. (difference) 



762 



Total squtii to caloric received 



= 303 
3379 cals. 
275 
3654 cals. 



dbyGoogIc 



STUDIES OF BLAST FURNACES. 77 



I 21. Consequences derived from the preceding e 
Before applying this method of analysis of the working of 
blast furnaces to other examples, let us endeavor to extract 
from the numbers we have arrived at the lessons they teach. 
Let us examine in turn the influence of the ragoajjc and of 
the height, of the furnaces, and then that of the temperature 
of the blast. 

For this purpose wc have gathered into a single table the 
most salient results of the examples we have chosen as 
illustrations. 
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SYNOPTICAL TABLE OF RESULTS 


BTAI]S 


ED. 


. 


fei-i 1 , 


... 3 _ A cv ;z> _^'^-. 






f 


Eli 


if. 

■5 


iJ 


If 


■_' 












^/ ■ 


Internal capacity of the furnaces 


.feet 6000 


11,500 


30,500 


9300 


10,300 


Height of tlie furnaces .... 


feet 


4S 




76 


55 


55 


Yield in 34 liours 




30 


38-6 


63 


55 


60 


Capacity per ton yielded in S4 hours 
Nature of the pig claBsifled by 


''E 


195 ; 300 ; 3S0 


160 


170 


3 and 4 


3and4|8and4 


5 '4U>4!i 


Ore consumed per lb. of pig yielded 


tba. 


3-440 


3-448 


3-440 


3-083 


3-088 


Flux consumed per lb. of pig . . 




0-800 




0-635 


0-413 


0-406 


Total carbon burned 




1-388 


0-B90 


0-987 


i-oogs 


0-789 


Carbon burned in the zone of re- 












duction . .C--U- CO ■ ■ ■ ■ 




0-1345' 0-058 


O-tOo 


0-096 


0-113 


Temperature of blast . . . degs. C. 


48» 


485 


780 


454-5 


718 


Temperature of gases .... 

™u.of« = §- 

Caloric developed in furnace for 




453 


333 


413 


477 


348 




0-887 


0-6865 


0-543 


0-503 


0633 














each lb. of carbon bnraod . . 


eaU. 


3345 


3854 


3503 


3631 


3816 


Weight of blast 

Weight of gases 


Iba. 


6-513 


5-193 


4-897 


5-071 3-7f)l 




8-633 


6-933 


6-616 


6-700 


5-161 


Caloric of combustion in the zone 














of reducUon. per lb. of pig yielded 


eak. 


1303 


1511 


1365 


1393 


1339 


Caloric of combustion in the zone 
of the twyres 


" 


8877 

4180 
755 


S305 


2181 

8546 
il!3 


3349 

3641 
551 

4193 


1673 


Total calorie of eomlmiion . . . 
Caloric carried in by blast . . , 


3818 
603 


3011 
643 


Total calorie received 


4935 


4418 


4469 


8654 


Caloric of the zone of fusion- 












Sum of the caloric of combustion 














near the twyrcE and that carri ed 
in by blast 




3633 


3S07 


3094 


3800 


3315 


Caloric absorbed by the reduction 
of the ores and fusion of the iron 




3314 


3314 


3314 


3314 


3314 


Caloric absorbed by fusion of slags 
















1344 


1313 


1164 


800 


763 


Sensible heat carried olf by gases . 






545 


646 


758 


303 


Caloric lost by radiation— 














EadlaUon tkim the furnace walls 






4418 








etc. (determined by rfiiiFsJ-ence) 




354 


r- 335 
4459 


■330 


is75 


Sum of the caloric consumed . . 


4B35 


4193 


3654 
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Let us remark now, at once, on the subject of the five 
examples compared in this synoptical table, that the furnaces 
of Consett are not rigorously comparable with the three others. 
The ores treated are richer — a mixtare of hematites and 
calcined Cleveland oxides; and, above all, the pig-iron is 
cooler, so to speak — it is Nos. 4 and 5, and not Ilfos. 3 and 4, 
like those of Clarence and Ormesby. 

On this account we should calculate for Consett furnaces 
rather less than 330 and 550 calories for the caloric absorbed 
by the fusion of pig and slags. This circumstance explains 
the relatively feeble amount, found by difference, for the 
caloric lost by the walla, etc., of the furnace at Consett. 

Having mentioned this, let us now compare the two 
furnaces of Clarence, which differ from each other only in 
capacity and in height, whilst they are charged with exactly 
the same ores, fluxes, and coke, and with blast at the same 
temperature, and yield pig-iron of the same quality. If the 
consumption be diflerent, it must chiefly arise from this 
difterenee in capacity and in height in the two furnaces. It 
is necessary to remark, however, that the section of the 
furnace of 1866 is more tapering than that of 185s(Cfi^. 2 
and 6). For very different heights, the waist of the large 
furnace is 6 inches more than that of the small one. The 
distribution of the reducing gases, and consequently the 
reduction itself, will be less uniform in the email furnace, and 
this circumstance alone may involve a less economical -wovkiw": 
Nevertheless, we know by the general experience of blast 
furnaces that this difl'erence of section cannot have any great 
influence if the mode of charging be suited to the section, 
which doubtless is the case in Clarence works. 

The descent of the charges is slower in the large furnace. 
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The internal capacity is 800 cubic feet per ton of pig yielded, 
whereas it is only 195 cubic feet in the snmll. But this 

circumstance alone cannot explain the remarkable difference 

in consumption in the two furnaces. In the greater number 

of old blast furnaces in Britain and on the Continent, the 

internal capacity does not exceed 175 to 210 cubic feet, and 

yet the consumption is often less than in these Cleveland 

furnaces ; and besides, as remarked in § 2, the most modern 

furnaces of Cleveland, which give 350, 420, and even 500 

cubic feet capacity per ton of yield, consume no less — the 

temperature of blast being the same— -than the furnaces of 

smaller capacity, provided the height of these furnaces be 

suited to the nature of the ores treated, and the temperature 

of the blast. "We have only to consult the numbers referring 

to Consett furnaces to be convinced that even with heights 

of 52 feet, and capacities less than 175 cubic feet per ton 

of yield, we may, with suitable ores, have a very small 

consumption of fuel; and we therefore already conclude that 

it would be very rash to assert, in any general terms, that, in 

all circumstances, blast furnaces of great height and great 

capacity are necessarily more economical of fuel than those 

of smaller dimensions. 

That which first strikes us, in comparing the two blast 

furnaces of Clarence, is the difference of temperature of the 

gases, 452° in the small, against 332° in the large furnace. 

CCP 
1.11*; laiiC 

the small, and 0-6865 in the large. 

This low value of m in the small furnace indicates an 
unfavorable combustion of carbon; that is, an abundant 
formation of 00 at the expense of CO due to the reduction. 
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"We see, in fact, that each lb. of carbon burned 

produces 3854 calories in the large furnace, 
and only 3245 calories in the small. 

Difference 609 calories. 

We have found, above all, a great difference in the carbon 
burned in the zone of reduction: 0-058 per lb. of iron in the 
large furnace, and 0-1245 in the small one; a difference 
which shows that the small furnace is much further from the 
ideal working than the large one. 

In reality, the large furnace consumes per lb. of pig yielded, 

f 0-990 is burned, 
1'" -020 carbon, of which { ^ ^„„ . , , , . 

( O'OdO IS taken up by the iron. 

The small furnace consumes 

lib oiQ 1, i- u- 1, i 1'2*^^ ^^ burned, 

1''' -318 carbon, of which ■{ 

( 0-030 taken by the iron. 

Diff. -298 in favor of the large furnace. 

The synoptical table shows, besides per lb. of pig yielded. 

Total caloric received by the small furnace . 4935 cal. 

Do, do. large furnace . 4418 

Difterence .... 517 cal. 

And this excess is supplied partly by the hot blast, partly 

by combustion, properly so called. Notwithstanding the 

equality of temperature, the blast carries in more calorie into 

the small than into the large furnace; because, as it 

consumes more fuel, it requires more blast. 

The small furnace receives from the hot blast . 7o5 cal. 

The large 602 

Difference . , . 153 cal. 
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And, on the other hand, the total caloric of combustion is 

in the small fnrnace 4180 eal. 

in the large 3168 

Difference .... 364 cal. 
But what especially characterizes the working of the two 
furnaces is, that in the higher furnace the caloric directly 
generated in the region of reduction is greater than in the 
lower furnace; and, on the other hand, it is the lower 
furnace which receives most calorie near the twyres. 
The table gives the following quantities; — 
The zoneof reduction of the high furnace receives 1511 eal. 
Do. do, low furnace receives 1303 

Difference .... 208 cal. 
Zone of fusion of the low furnace . . . 363ii cal. 
Do. do. high furnace . . . 2907 

Difference on other side . 725 cal. 

But it is precisely this greater amount of caloric, developed 
in the zone of reduction, which is the whole advantage of 
high blast furnaces. In fact, the excess — 208 calories — to 
the profit of the upper region of the large furnace is in no 
way derived from a greater proportion of solid carbon burned 
in this region. We see, on the contrary, that the carbon 
consumed in the zone of reduction is only 0'" '058 in the high 
furnace, whilst it amounts to 0'" '1245 in the low. But 
instead of solid carbon, CO is burned in the zone of reduction 
of the large furnace. If we refer back to |§ 16 and 17, we 
find that, per lb, of pig, the quantities of CO transformed to 
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the large; and tbe caloric developed in these upper regions 
is given in the following statement: — 



By tbe carbon burned 141 calories 
By the CO bumed 1367 " 

Total 1511 calories. 



1303 calories. 



Thus, as already remarked, the large furnace approaches 
much more nearly to the ideal working than the small one. 
Less solid carbon is burned, and more CO, and this difference 
in working is expressed by the difference in the values 0-387 
and 0-6865 of the ratio -=-_-- of the escaping gases. "Whilst 

the gases of the large furnace contain, per lb. of pig, 1'* -195 
of CCP for l"* -740 of CO, those of the small contain 1-002 of 
C0= for 2-591 of CO. 

Let us now examine what becomes of the caloric received 
in the two furnaces. We should find in the products, the 
excess of 517 calories received by the small furnace. 
The gases carry off in the form of sensible heat, 
923 calories in the small furnace, 
and only 545 calories in the large furnace. 
Difference 378 calories. 

On the other hand, the fusion of the slags, and the 
decomposition of the limestone, require more caloric in the 
small furnace, because the excess of coke involves an excess 
of cinder, which, in its turn, requires more lime to flux it. 
"We have, on this account, 

1344 calories in the small furnace, 
1212 calories in the large furnace. 
Difference 132 calories. 
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The sum of these two diflcrenees is 510 calories, leaving 
only 7 calories of the 517 to account for, and this may well 
be looked for in the losses by radiation, etc., estimated above 
by difference.* 

But these 517 calories only represent a feeble proportion of 
the consumption of the two blast furnaces, that corresponding 
to the sensible heat. There is another much more important, 
which is indicated by greater proportion of 00 in the gases 
escaping. The gases of the small furnace contain, per lb. of 
pig, S'" -591 — 1'" -740 = 0'^ -851 more oxide of carbon (CO) 
than those of the large furnace, which is a difference of 
calorific power = 0-851 X 2403 = 2045 calories. 

If we add to this the 517 calories of sensible heat, we have 
2562 calories more received by the small furnace. Of this 
total, 153 calories come from the hot blast -•. 2562 — 153 = 
2408 calories result from the excess of carbon burned; and 
the weight of the carbon = |||i = O'" -298, which is pre- 

cisely the difference of consumption of the two furnaces. 

"We have now analyzed the differences of production and 
consumption of caloric in the two furnaces. Let us now 
endeavor to discover the cause of these differences. 

In the first place, the descent of the charges is much slower 
in t^ie large furnace. The ore in it does not so soon reach the 
region where the temperature is sufficiently high to determine 
the transformation of the C0= by the solid carbon of the 
coke. Quite at the mouth of the furnace the temperature of 
the gases is higher in the small than in the large furnace — 

* The walls of the small furnace, though less in s\irfacp, are hotter at 
top, for the gases Iiaye a higher temperature. 
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452° instead of 332° ; and, starting from thence, the tempera- 
ture must necessarily increase so much the more rapidly, all 
else being equal, as the tunnel or mouth U nearer the zone of 
fusion. Mr. Bel! found in the 48 feet high furnace, 

A cherry red, at . . . 9-7 feet from tunnel. 

A bright red (800° to 900°), at . 15-7 " 

Temperature of melting copper, at 27-0 " 

On the other hand, in the furnace 80 feet high, the bright 
red was found only at 26 feet below the tunnel, and the 
point of fusion of copper (1000° to 1200°) 53 feet from 
tuunel-head. Thus, in the upper part of the large furnace, 
there is a much more extensive zone in which reduction may 
go on, 38 in the ideal working, under the action of CO alone, 
without any consumption of solid carbon. 

This is the whole secret of the superiority of the large 
furnace. For one thing, the gases leave the furnace at a 
lower temperature, their sensible heat is better utilized, and 
then, there is a larger proportion of CO* formed, which has 
the great advantage of consuming little solid carbon in the 
zone of reduction, whilst developing much caloric by the 
combustion of CO. 

But have we the right to conclude from this, that, in a 
furnace of given dimensions, the eonauraption will necessarily 
be so much the less, the slower the charges descend ; or, in 
other words, that by increasing the height and capacity ot 
the furnaces, we shall always eftect more economical working? 

Is there not, under this double relation of dimension and 
yield, some limit? Is there not, as indicated in § 2, a certain 
rapidity and mean volume giving a maximum of advantages , 
a sort oi juste mi/^'eM, which cannot be passed with impunity? 
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It is worth trying to get at the bottom of this question — and 
first let us examiue the ease of the small furnaees. What 
does practical experience say as to the consequences of a very 
slow descent of the charges. 

§ 22. Lijluence of extra-slow working. — Mr. Bell had six 
blast furnaces at Clarence Works of 48 feet in height, and 
6000 cubic feet capacity. The mean of a month's working 
gave 1-375 tons coke consumed per ton, when the daily yield 
was 35 tons. This was the normal working of the furnaces. 
As an experiment, less and less blast was supplied, which 
gradually reduced the yield; but the consumption is thus 
recorded, 

with a yield of 31-3 tons, the consumption was 1'449 tons. 
" 29-4 " " 1-553 " 

26^-6 " " 1-717 " 

that is to say, increased consumption by lowering the speed of 
descent of the charges or rate of working* This example would 
not however be conclusive; for even at 26*6 tons per day, the 
working is not very slow, as for each ton there is only 228 
cubic feet of internal capacity. 

The following, however, is, in my opinion, a more salient 
fact. I shall refer to the enormous consumption found by 
Ebelmen in 1865 in the two small coke furnaces of Pont- 
Ev&jue and of Vienne in the IsSrcf 

At Pont-Eveque a blast furnace of 36 feet high and 1250 
cubic feet capacity, produced only 3-6 tons in 24 hours of 
white forge iron with a consumption of two tons of coke per 
ton. This was an extra-slow working, for the internal 
capacity was 350 cubic feet per ton of white forge pig. 

• See Bell, sect, ixxii. p. 215. t Annates dea Minei, 4tli series, torn. y. 



db,Googlc 



STUDIES OP BLAST PUENAOES. 87 

At Vienne, a blast furnace of 33 feet high and 1200 cubic 
feet capacity yielded 4 tons per day of gray foundry iron, 
consuming 2-850 tons of coke ! In this latter case, however, 
the working was not so far from the usual working, for the 
capacity per ton was 310 c. ft. The enormous consumption 
arose chiefly from the want of height. 

Ebelmen was struck by the exaggeration of these figures, 
but instead of looking for the true cause, he contented 
himself by drawing the general conclusion, that blastfurnaces 
working with coke consume twice as much carbon as those working 
with charcoal, a perfectly erroneous conclusion.* By reason 
of the more basic character of the slags, the pig made by 
coke may require a slight excess of carbon, alt being equal. 
For the great porosity of the charcoal favors its combustion 
by CO* in the upper region of the furnace.f 

What we know positively is, that the large consumption 
in the small furnaces of Pont-EvSque and Vienno arises both 
from their want of height and the slowness of the descent of 
the charges. Since 1845 all the furnaces of the Hhone Valley 
have been carried to heights of 50 and 55 feet; and now the 
yield is so increased that the internal capacity per ton is not 
more than 175 to 210 cubic feet; and the consumption is 
reduced to 1*100 to 1-200 ton of coke per ton of forge pig, 
when the coke is of good quality, with not more than 10 to 
12 per cent, of cinder, etc. 

It appears to me then to be ascertained practically that 
not only a toant of height, but also an extra-slow working, 
increasea the consumption. And theory is in perfect agree- 
ment with experience on this head. 

• Sec Note III. Appundix. + Note IV. Appendix. 
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Whatever be the progress of descent of the charges — 
whether fast or slow, it is quite evident that their temperature 
will increase the more rapidly as the height of the furnace is 
less. Under these conditions, the ore, very little reduced, 
reaches the zone where the heat is sufficient to burn carbon 
by the CO'. ' Consequently, the consumption must always be 
great in low furnaces. But there are two extreme cases 
which would even increase this evil. 

If the descent is too rapid, in which case the ascending 
gaseous current has an excess of speed as well as the 
descending solid current, the oxide of carbon (CO) has not 
the time indispensable for effecting reduction in the upper 
part of the furnace. If, on the other hand, the descent be too 
slow, the carbonic acid (CO^), remaining much longer amongst 
the carbon, will from that circumstance be transformed in 
larger proportions to CO. 

In both cases we diverge from the ideal working, we 
consume more carbon, and we find a less proportion of CO' 
in the gases.* 

Consequently, it is quite evident that between these two 
extremes, there must be for each blast furnace, a mea^i speed 
of working for which the consumption will l)e a minimum.-\- 

§ 23. Influence of great height and capacity. — Let us now 
coimider the immense modern furnaces of Cleveland. Their 



* The analyses of Ebelmen give a value of 0-4 for -^-— . in tiie blast furnace 



CO 

of Pont-EvSque, and as tlie furnace of Vienne gave this TaUie = 0'731, we 
conclude lliat tlie samples did not represent a mean of the currents escaping, 
f I do not pretend, be it understood, tiiat this theoretical minimuia will 
always he the most favorable practical working. For reducing the general 
expenses, it may be advantageous to force production at the expense of con- 
sumption of fuel, though very rarely. 
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working is relatively slow, for each ton of yield takes 280, 
350, and even 420 to 440 cubic feet of capacity. 

This slow descent of materials may to a certain extent offer 
the same inconveniences in these large furnaces as in the 
small. The CO^ has time to reform CO, although, owing to 
the more gradual increase of temperature in tlie upper region 
of the large furnaces, this reaction of carbon on C(P is much 
less energetic than in the furnaces of small height. But it 
is pretty certain that here again there is n, juste milieu giving 
a minimum consumption. 

But it is evident that in reference to the keiffht of furnaces 
it must be limited by the physical qualities of the ore and 
combustible. If these are small and friable, if they crush or 
go together under their own weight, it is not possible to 
exceed a certain height on account of the resistance offered 
to the passage of the blast, and the uniform ascent of the 
gases. 

And if the height be thus limited, it will be the same with 
the capacity of the furnace. It is only by increasing the 
diameter for a given height that the capacity can be increased, 
and this would render the section too stumpy, and conse- 
quently, the distribution of the gases irregular and the 
reduction of the ores partial. 

In a word, all the conditions of working would be less 
favorable. We cannot therefore give excess of capacity any 
more than we can excess of height. Besides, if the waist of 
the furnace be large, and the distribution of the currents 
unequal, this latter inconvenience must be remedied by a 
slower working. This explains why the monster furnaces of 
Cleveland have for each ton yielded 300 to 400 cubic feet of 
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capacity, and wliy also, as soon as it is attempted to work 
faster, they work leas regularly and consume more coke. 

"We shall now show by some examples that blast furnaces 
of dimensions beyond certain limits, do not in reality offer 
any advantages. Take for instance the third furnace 
mentioned in our table, § 21, that of Ormeshy of 1867. It 
has a height of 76 feet with a capacity of 20,500 cubic feet. 

The section (fig, S) compared with that of Clarence of 1866 
(fig. 6) is relatively stumpy and swelled out at the waist. 
"Well, notwithstanding its capacity, its almost double yield, 
it consumes no leas fuel than the other, for identically the 
same ore and the same pig-iron. It gives 0'" -987 carbon per 
lb. of pig-iron compared to 0'" -990, and that notwithstanding 
a different temperature of blast of 295° (780° — 485°) ; that 
is, we have the same consumption, though the one receives 
311 calories more by the blast than the other. This clearly 
indicates a leas favorable working, and this is proved by all 
the figures of the synoptical table. 



CCP 



!9: 0-542 again8tO-6865. 



The carbon burned in the zone of reduction is greater in 
amount: 0'" -105 instead of 0-058. The caloric developed per 
lb. of carbon is less: 3593 at Ormeshy for 3854 calories at 
Clarence. The gases leave the furnace at a higher tempera- 
ture, 412° against 332°, and thus the sensible caloric carried 
off by the gases is 646 calories against 545 at Clarence, The 
caloric developed in the zone of rednction is leas, notwith- 
standing the excess of carbon burned, 1365 instead of 1511 
calories; and finally, although the consumption is almost 
identical, the total calorie is less in the Ormeshy furnace, 
3546 against 3816 calories, from which we may conclude 
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that if the higher temperature of blast had not been applied 
the consumption would have been by bo much increased. 
Thus it seems demonstrated that the large furnace of 
Ormesby works less economically than that of Clarence "Works. 

This might be attributed to the distended section of the 
Ormesby furnace. But this section is itself a consequence of 
the exaggerated capacity, so that we are forced to the 
conclusion that ba/ond a certain limit the enlargement of blast 
furnaces -may not only be no advantage, but may become prejvdicial. 

This conclusion is further proved by the following facts, of 
which the elements are given in Mr. Bell's paper, 32d and 
38d sections : — 

This distinguished and able iron-master has at Clarence 
"Works several blast furnaces, all of 80 feet in height, but the 
capacities of which are respectively 11,500, 15,500, and 25,500 
cubic feet (§ 2). 

But he has been unable to find any appreciable difterence 
between the results furnished by these three types; or rather 
it is that of the smallest capacity— 11,500 cubic feet— the 
section of which is more tapering, which appears to work 
best ; for it is this which approaches the nearest to the ideal 
working. 

The proportions of Jii are as follows:— 





nlFniESMs of 11,600 c- ft. 


.„...„f,,,.00c.f.. 


Furniice of 2%niN) c. ft. 




m = 0-698 








?n = 0-697 


m =0-560 


ffl = 0-037 




m = 0-68G 








Meau =0-670- 







Mr. Ed. ■Williams, who manages the Eston "Works for 
Bolckow & Taoghan.with furnaces of 15,000, 20,000, 
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and 27,000 cubic feet capacity, all charged with the same 
charges, and of the uniform height of 95 feet (figs. 1 and 9), 
asserts, on the other hand, Ikat he cannot Jind any advantage in 
economy/ or otherwise in the large furnaces. His long experience 
haa convinced him that beyond the limit of 11,000 to 12,000 
cubic feet capacity, the large furnaces of Cleveland really 
offer no advantage in economy of fuel consumed. 

It is also to be observed that the blast furnaces are 15 feet 
higher than the Clarence furnaces, and yet they burn no less 
coke, and the temperature of the escaping gases is not lower. 

And now, a last remark on the large furnaces of Clarence 
Works and of Eston. 

In § 2 the three types of Clarence and the two huge 
furnaces of Eston (figs. 7 and 9) of 15,000 and 27,000 cubic 
feet capacity have been alluded to. These furnaces consume 
the same weight of coke per ton of pig yielded, 1425 ton, 
but this equality is in reality obtained by the much slower 
working of the large furnaces, which require 420 to 490 cubic 
feet of capacity per ton of yield in place of 280 to 320 cubic 
feet. If therefore the large furnaces were made to yield pro- 
portionally as much as the smaller furnaces, the consumption 
of fuel would inevitably be greater, and therefore the working 
of the monster furnaces is in truth less advantageous. We 
cannot escape from this alternative, less production per cubic 
foot of capacity, or greater consumption of fuel. This conclusion 
comes out more strongly from comparison of the two furnaces 
at Ferryhill already mentioned in § 2. 

The one measures 82 feet high, and 16,000 capacity. 
The other " 104 " 30,500 " 

The first takes 810 c. ft. capacity, the second 420 c. ft. 
But, notwithstanding the great difference in height, the 
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escaping gases have within 6'^ the same temperature in the 
104 feet as in the 82 (191° and 197°), and the consumption of 
fuel is as nearly as possible the same in the two— 1000 tons 
in the high furnace, and 1023 in the other.* 

"What is the cause to which we are to attribute this 
apparent anomaly in blast furnaces in which the gases do not 
vary in temperature after a certain height, which appears to 
be from 75 to 80 feet? It is an important question. 

§ 24. Beyond a certain height the temperature of tfie escaping 
gases does not diminish by reason of the dissociation of the oxide 
of carbon. — "We know that the gaseous current of blast 
furnaces, which at first are composed only of CO and N, 
become mixed in increasing quantities as they ascend with 
CO^, and also with watery vapor when the ores and combus- 
tibles are moist, or chemically hydrated. The reducing action 
of the CO is thus partially neutralized in the upper regions 
of blast furnaces, and wo know that certain mixtures of CO^ 
CO, and HO have no action on the oxide of iron. Thus M. 
Debray has proved that the peroxide is simply transformed 
at intense red heat to protoxide by a mixture of equal 
volumes of CO ami C0% and that, on the other hand, 
this mixture converts metallic iron to this same degree of 
oxidation, Mr. Bell has verified this double reaction; but 
this mixture of equal volumes corresponds in weight to 

C0= 1-8 
m = 

* In one of the last numbers oi^^lib JouTnal of tlte Iron and Steel InsUHte, 
that of NovcmlDer 1871, Mr. Bell, recnrring to tbe same subjeet, tliua sums 
up liis conclusions as to tlio working of the Cleveland furnaces; "After a 
certain capacity, 15,000 c. ft., for example, the escaping gases are as cool 
and aa rich in CCas those of furnaces of double this capacity" (p. 391). 
From, iheusnons of Mr. Sarauelson'e account of two monster furnaees, read 
before the Institute of Civil Eng 
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Wliouever, therefore, the 00* reaches this proportion, reduc- 
tion cannot go further than the protoxide, and if the current 
of gaa contains steam as well, reduction would reach its 
limits even before this proportion, m = 1-581, was reached. 

Besides, there is a certain time rec[uired — a prolonged action 
of the two gases — to reduce ores in small pieces so long as 
their temperature is not very high. 

But the ores remain only a few hours in the upper regions 
of the furnaces; consequently they will be little modified by 
the gases as soon as CO^ abounds. Thus Mr. Bell has proved 
that in the Cleveland furnaces, for vrhich the value of m 
varies between 0-50 and 0'70, reduction almost ceases towards 
the top of the furnace. At the temperature of melting zinc 
(about 417°) when the gases contain 31 volumes of CO' to 100 
CO, which corresponds to m = 0'49, it requires 

5 hours to carry oft' 1-9 % of the oxygen contained, and 

lOJ " " 2-9 % " " " * 

And when the gases are composed of 50 volumes of CO^ — 
100 of CO — which gives m = 0*79, it takes 5^ hours to carry 
0-9 fc of the oxygen on the ores. 

We thus see that even when the gases are dry and hot, aa 
in the Cleveland district, reduction at the level of the tunnel 
is insignificant, and it must therefore be still less when the 
ores are hydrates or carbonates. And indeed this has been 
recognized by MM. Ebelmen and Tunner long since. In the 
experiments at Eisenerz, M. Tunner ascertained that redue- 

" , 2, but that metallic 



* Seclinn 33 of Mr. BftU's work. 
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iron does not appear until the ratio descends to 0-70 — about 
23 feet below the tunnel -head.* 

It 18 however certain that if there were no other chemical 
reaction in the upper regions of the furnace than the partial 
reduction of the ores by CO — reduction efl'ected as we know 
(§ 11) almost without change of temperature — there ought to 
be some real advantage in increased height of furnace above 
the point at which the gases still retain a temperature in 
escaping of 300° to 400'^- By such increased height we 
should inevitably cool the gases more perfectly, and thus 
utilize more perfectly the caloric produced. But there is 
another reaction which always takes place in the upper 
regions of the furnace: this is the dissociation of the carbonic 
oxide, and it is this transformation of 2 CO into CO* + C 
which, after a certain Wmit, prevents the further lowering of Ike 
temperature of the gases by any increase of height of the furnace. 

Mr, Bell was the first to point out this singular reaction of 
the ores on the gases of blast furnaces, and since then I have 
with much care investigated the principal circumstances 
attending it. The results of this investigation were commu- 
nicated to the Academy of Sciences in July, 1871, and the 
memoir has been published in the Recueil des savants strangers, 
and in the May number of the Annates de physique et de chimie 
for 1872. I shall here transcribe the conclusions:— 

1. If we pass CO over iron ore, heated to 300° to 400°, the 
oxide of iron is gradually reduced from the surface inwards 
of each small piece. But from the moment any small portion 
of the extreme crust of these morsels is brought to the state 
of metallic iron, the ore cracks in all directions and gets 

* Memoir puljlislied at Leobeu iu 1853. 
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covered with a dust of carbon. This reaction takes place by 
whatever method the CO is prepared. 

2. As the reduction approaches completion the carbon 
deposit becomes less abundant, and would altogether cease 
from the moment the oxide of iron (Fe^O^) ia completely 
reduced, if this absolute reduction could he realized in the 
conditions under which our experiments were made. But, 
at all events, this would require a very long time. 

3. If we pass CO over metallic iron at the temperature of 
300° to 400° C, the iron, in like manner, becomes covered 
with a dust of carbon from the moment that the reducing 
action of the CO is partially/ tempered down, whether by the 
presence of a small proportion of CO^, or by any source of 
oxygen which could transform any part of CO into CO*. 

4. On the other hand, CO, pure and dry, gives off so much 
the l^s carbon to the metallic iron, as the iron is itself free 
of all admixture of oxygen, so that there would be scarcely 
any reduction at 300° or 400°, if the experiment could be 
made with iron absolutely free of any admixture of oxide. 

5. The carbon dust which deposits, either on the ores at 
the time of their reduction, or on the metallic iron when the 
CO acts together with a small proportion of CO", is a sort of 
ferruginous carbon — a composition of iron and carbon with 
5 % to 7 % of metallic iron as a maximum. This carbon 
differs from that of steel, or the hexagonal graphite of gray 
pig-iron. 

The ferruginous carbon contains also a small proportion of 
oxidized iron, chiefly magnetic, the part played by which 
seems essential in the reaction which determines the deposit 
of carbon. 

6. Carbonic acid acts as an oxidizing agent on iron; but 
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at the temperature of 300° to 400° the action is not intense. 
There is only a amall quantity produced in variable pro}>or- 
tiona of Fe^O', Fe'O' + FeO, and FeO; that is to say, of the 
peroxide, the magnetic oxide, and the protoxide of iron, and 
these oxides are never accompanied by a deposit of carbon. 

7. The formation of ferruginous carbon is the result of a 
sort of dissociation of CO. 2G0 is transformed to CO* + C, 
but this reaction never takes place directly. That it may 
take place there must be simultaneous presence of mekdlic 
iron and protoxide of iron — tVie metallic iron to fix the carbon, 
the protoxide to retain for a moment the oxygen. 

But this passing reoxidation of the protoxide, which resists 
its final reduction by this very reaction, can only be produced 
if the reducing action of the CO be partially tempered down by 
CO^ This, I repeat, is the sine qua nan condition of the 
deposit of carbon. This double reaction is expressed by the 
formulas — 

SFeO + CO =. Fc^O' + C 
(this carbon having been united to the iron), 
and Fe»0* + CO = SFeO + CO, 

and so on indefinitely, provided that the CO is always 
tempered in reductive action by a certain portion of CO*. In 
one word, CO pure is not dissociated by iron absolutely free 
from an oxidized element. In the same way, CO*, if it acts 
alone on iron, does not deposit ferruginous carbon; and 
lastly, the two gases united, provided CO be in excess, 
produce an abundance of ferruginous carbon by the einiulta- 
neoua action on metallic iron at the low temperature of 300° 
to 400°. 

8. Spathore iron, or the protoxide of iron (FeO), is rapidly 

7 
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tranaformed into magnetic oxide under the action of CO* 
without any deposit of carbon, whilst CO in the same etreum- 
stanees rapidly deposits large quantities of ferruginous carbon. 

9. If we raise the temperature to a lively red, in those 
experiments which give ferruginous carbon, the deposit 
immediately ceases, and, moreover, the carbon already 
deposited is burned again so long as there is present a 
sufficient quantity of oxide unreduced. 

Thus the reactions are in this respect quite different at 
high temperatures from what they are at temperature of 
300° to 400°. 

10. In reference to the theory of the biast furnace, it may 
be remarked that the carbon must deposit itself on the ores 
in the upper regions of the furnace, and that this carbon dust 
must facilitate the ulterior reduction of the ores, and that of 
C0% in the middle regions of the furnace. 

At all events, in consequence of this reaction, the carbon 
deposited will be burned a second time in the zone of fusion. 

11. The dissociation of CO takes place with a development 
of caloric, Tor each unit of carbon deposited tliere is a dis- 
engagement of 3134 calories. 

To the risume of what goes before, I add two observations. 
The dissociation of CO does not take place when a mixture 
of equal volumes of CO and CO* are made to act on the oxide 
of iron, that is when m = 1-581. According to M. Debray's 
experiments, only FeO is formed in this case, whilst metallic 
iron is necessary to determine the deposit of carbon dust. If, 
on the other hand, we have 2 vols. CO to 1 vol. CO', which 
corresponds to m = '79, then the carbon commences to 
deposit, for then also metallic iron begins to appear, provided 
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of course that the current of gases be sufficiently rapid to 
carry off, -without delay, the CO formed. 

My second observation is relative to the disengagement of 
3134 calories, due to the deposit of ferruginous carbon. This 
is the essential point of the phenomenon in question, as 
regards the temperature of the gases and the limit of height 
of blast furnaces. The calorie produced by the combustion 
of 2 C to 2 CO is, as we know, 2 X 2473 = 4946 calories. 
On the other hand, when the half of 2 C is transformed into 
CO, the caloric developed is 8080 calories: therefore the 
dissociation of 2 CO into + CO^ unquestionably sets free 
8080 — 4946 =* 3134 calories. 

AVe may therefore conclude that when the escaping 
gases have a temperature of 300° to 400°, and such a compo- 
sition that the ratio m = -^-_-- = 0-80, there will be not only 

partial reduction of the ores, but also impregnation and deposit 
of carbon dust, with a notable disengagement of caloric, from 
which there results a sort of stationary condition without 
any further lowering of temperature of the gases, notwith- 
standing greater height given to furnace. 

But what actually takes place is this: — 

In the upper part of the furnaces, two diiFerent reactions 
take place at the same time. On the one hand, ore is reduced 
by CO giving CO" without sensible change of temperature. 
On the other hand, 2 CO is transformed to C -l- CO^, with a 
production of 3136 calories. The carbon resulting from 
this dissociation is restored to the charge in the shape of 
carbon dust. It descends with the charge, and then reforms 
CO in the lower hotter regions. The CO thus reproduced 
ascends again, and is dissociated in its turn into (J C -)- 1 CO*). 



dbyGoogIc 



100 STUDIES OP BLAST rUENACES. 

And the same reaction is renewed indefinitely, and thus the 
sum of the reactions is just as if the 2 CO had been directly 
transformed into 2 CO by the oxygen of the ores; that is, aa 
if the reduction took place, as assumed in the ideal working, 
by the action of CO without consumption of solid carbon, 
and consequently without sensible variation of temperature. 

The dissociation of the CO brings the ordinary good 
working nearly up to the ideal working, and consequently 
whatever favors this dissociation will reduce the consumption 
of fuel ; and hence we may conclude increase of height of 
furnaces would lead to a gradual diminution of consumption, 
the extreme limit of which would be the ideal wor/ang of the 
furnace. 

But, in fact, this could not be realized. In the first place, 
the height of the furnaces ia limited by the increasing 
resistance of the charges to the passage of the blast. Again, 
although the sum total of the caloric disengaged depends 
solely on the value of the ratio m for a given consumption, 
its distribution will be chiefly regulated by the manner of 
production of CO*. "When CO* comes from the dissociation 
of 2 CO, there is production of caloric in the upper region of 
the furnace, whilst there would be absorption in the middle 
region where the carbon deeposited is transformed into CO 
by the oxygen of the ore. It is true that there is only a 
displacement of caloric, but the gases thus reheated in the 
upper part of the furnace will, from want of time, yield less 
caloric to the cold elements of the charges than if their 
temperature had been raised in the middle regions by the 
simple oxidation of CO to CC by the ores. 

Raising the height of furnaces tends to a sort of constant 
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calorific state by favoring the dissociation of CO, but after this 
there can be no sensible advantage, 

I shall only add one more obeervation. All that I have 
said applies only to blast furnaces in which calcined anhydrous 
ores alone are charged, as in Cleveland. Elsewhere, in the 
districts of France where hydrated oxides are used, for 
example, and in districts also where incompletely calcined 
spathic ores are used, the tunnel-head ia much cooler. Thus 
I have q^uoted from M. Tunner'a memoir the example of 
Eisenerz, where the metallic iron, and with it the dissociation 
of CO, does not begin to declare itself till 23 feet below the 
top. But in furnaces of small height, the charges would get 
into the highly heated zones in which this reaction ceases 
again very soon after. Any raising of the height of furnaces, 
iti such cases, might enlarge the zone in which dissociation 
would take place, and thus lead finally to a certain economy 
by rendering the gases richer in COl But it ia evident, for 
the reasons above given, that there is here again a limit at 
which real economy becomes insignificant. — JEn resume — 

After a certain height has been attained, variable with the ores 
and the section of the furnaces, there is no longer any advantage 
in enlarging their capacity. 

§ 25. Influence of highly heated blast. — Let us now, in the 
second place, endeavor to appreciate the influence of variations 
of the temperature of the blast on the working of the furnace. 

Let us, for this purpose, compare the two furnaces of 
Consett, cited in our synoptical table. 

The dimensions and the section dift'er very little ; the 
charges are identical; the pig-iron yielded is the same. On 
the other hand, the temperature of the blast is 454°-5 in the 
one, and 718° in the other. The difference in the results 
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obtained can therefore only be attributed to the difference of 
263° of temperature. The blast of the one furnace is heated 
in ordinary east-metal tubes, that of the other in one of 
Whitwell's brick stoves. The combustible for heating is, in 
both cases, the furnace gases. 

What strikes us at once is, that the escaping gases are 
colder, the hotter the blast — viz., 477° for the 454° blast, 
against 248° for the 718° blast. This is indeed a -well-known, 
well-ascertained result wherever hot-blast is substituted for 
cold. The hot-blast cools the top of ike furnace^ because a 
larger proportion of tbe caloric received is due to the blast. 
Combustion furnishes less gas, and this is better cooled in 
ascending through the same mass of solid materials. 

The differences between the two Consett furnaces are great 
in these points of view. 

The furnace with highly heated blast receives per Ih. of iron 

yielded, only 3'" -751 blast, 

and gives off only 5'" -ISlofgases, 

whilst the furnace with blast at ordinary 

temperature of hot blast, receives . . 5'" "071 of blast, 
and gives off .' 6'" -706 of gases. 

The caloric of combustion in the zone of twyres is 1672 
calories only in the first case, against 2249 calories in the 
second, and this enormous difference is only compensated in 
a very small degree by the caloric carried in by the blast, 
which is 643 calories against 551 calories — a difference of 92 
calories. Again, the zone of fusion of the furnace with 
ordinary hot blast, receives, notwithstanding this, an excess 
of caloric of 

2800 — 2315 = 485 calories. 
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and the difference is still greater in the total caloric received 
by the two furnaces ; thia is 

4192 — 3654 = 538 calories. 

But this excess of caloric received by the furnace with 
ordinary hot blast is accounted for almost wholly by the 
caloric carried off by the gases, which amounts to 758 calories 
in the first furnace, against 303 calories carried off by the 
gases of furnace with highly heated blast. Difference, 455 
calories. 

The advantages of the superheated blast are manifested by 

the higher ratio of - = m, which is 0'623, instead of 0-502. 

The carbon burned is better utilized; and this difference 
certainly arises from the lower temperature of the zone of 
reduction tending to determine a more active dissociation of 
the CO. 

Thus, the use of superheated blast at Consett gives an 
economy of 1'" -0055 — 0'" -789 = 0"' -2165 carbon (pure) per 
lb. of iron yielded — an economy of which only a very small 
amount arises from the caloric carried in directly by the 
superheated blast.* It is chiefly due to more useful distribution 
of the caloric which effects a more energetic cooling of the 
gases, and to the earlier combustion of the carbon developing 
3816 calories per lb. in the case of superheated blast, and 
3621 calories in the case of ordinary hot-blast. 

Thus, there are considerable advantages obtained by the 
superheating of the blasts to the extent we have been 

• The eicess of caloric curried in by the superheated blsBt is 93 calories, 
and this replaces only — -— = 0-037 of carbon burned at the twyres. 
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examining, and that witbout any alteration in the nature of 
the products obtained, when working witli ordinary ores. 

It remains to be seen whether, in reference to this question, 
there are not other linnits besides practical possibility. 

Might we without prejudice heat the blast to 800°, 900°, 
1000°, etc., and will each increment of temperature be accom- 
panied by an equivalent economy in the carbon consumed? 

Experience alone can solve this problem. But from the 
facts we have collected, we can, to a certain extent, ascertain 
what would be the result of further heating the blast. 

As the temperature of the blast increases, the temperature 
at the tunnel-head decreases. This is a fact well ascertained, 
and the Consett experience proves it once more. The hot 
blast acts, in this respect, like an increased height of furnace; 
but the dissociation of the CO puts a limit to this cooling. 

According to the results given by the highest furnace of 
Cleveland, it appears that the temperature of the escaping 
gases does not descend below 200° C. I speak always, of 
course, of furnaces supplied with calcined Cleveland ores, and 
not of furnacoB smelting hydrated or carbonated ores. 

At the highest furnace of Cleveland, that of Ferryhill of 
104 feet high, the gases have still a temperature of 191° C; 
and yet in these works they use in the charges ores which 
travel 40 miles after their calcination, which in ordinary 
circumstances must give rise to the absorption of a certain 
amount of humidity. "We may therefore admit as the lower 
limit, in Cleveland conditions, a temperature of 200° C. at 
the tunnel-head. 

Another consequence of the use of highly heated blast, as 
of the increased height of the furnace, is the gradual increase 
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ill the value of m. "We approximate to the ideal working, and 
we have seen that at Conaett the ratio m rises from 0-502 to 
0-623. As the hiast is more heated the combustion of carbon 
at the twyres decreases, and therefore the mass of CO produced 
above this point diminishes. But, as the oxygen of the ore 
is constant, there must take place one of two things — either 
the CO' will go on increasing, and the limit at which the CO 
dissociates will soon be reached, which corresponds to m = 0'80, 
and soon after the ideal working would be reached, where 
m = 1-217 (§ 5); or the excess of 00^ in the region of reduc- 
tion will act on the solid carbon, and, while the consumption 
near the twyres will decrease, it will increase in the region 
of reduction — or, rather, in general, the two effects will be 
simultaneous;— the ratio m will be seen to increase concur- 
rently with q^uantity of carbon burned in the region of 
reduction. This is exactly what takes place at Consett. In 
comparing the furnace with ordinary hot blast and that with 
superheated blast, we see that not only m passes from 0-502 
to 0-623, but the carbon burned in the zone of reduction rises 
from 0-096 to 0-113. Now, starting from the consumption 
at Consett, we can easily calculate, for quantities of carbon 
burned at the twyres successively decreasing, and values of m 
successively increasing, the temperatures that must he given 
to the blast, and also the carbon burned in the zone of 
reduction. 

I shall first assume a constant value of m = 0-623, the 
figure found for Consett furnace working with blast at 718° C. 

We have seen that in this case the carbon burned at the 
level of the twyres is 0'" -789 — 0-113 = 0'" -676. Let ua 
suppose this weight reduced successively to 0-650 and 0-600. 
Let ua calculate the carbon burned in the zone of reduction 
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under these conditions, and let us determine what must be 
the temperature of the blast to get the calorie necessary for 
the working of the furnace. 

"We know the total oxygen supplied to the gases of the 
furnace. It is composed of the oxygen derived from the 
charge, and of that carried in by the blast. But this sum 
should equal the total oxygen of the carbonic oxide and the 
carbonic acid of the gases, that is to say, = ---!/+ zr^my, 

according to the notation of | 7. This ratio.will allow of 
our determining the values of y and my, and consequently 
the total carbon contained in the gases. 

The oxygen of the charge is given by formula (3.) § 7, 



but it is well to remark that the term j {3-03), which repre- 
sents the oxygen of the ore, is composed of two parts, the 
oxygen abandoned in the zone of reduction = | (2'82) = 
0'" -403, and the oxygen taken up near the twyres by the 
direct action of the carbon = ^ {0-21) = 0-030.* 

The oxygen carried in by the blast is determined by the 
carbon burned near the twyres. But one of carbon combines 
with I of oxygen to form CO: if then the weight of carbon be 
0-650, WG shall have for corresponding oxygen | X 0-650 = 
0-867, of which 0-030 is furnished by the charge, and 0-837 
by the blast. 

Let us apply these principles to the furnaces of Consett 
'No. 4 (I 20), in which the carbon of the limestone b= 0-0485 
we shall have for total oxygen, 
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O'f -867 + 0'" -403 + -^- (0'" -0485) = !"■ -399, 
and coiiaequentiy we have the equation, 

or, as m - 0-623, 

(*- = -|^ X 0-623) 3/=!"' -399. 

'Jl_^^^ = 1-365 

44 + 56 X 0-623 

C0= = mi/ = 0-623 x 0-625 = 0-850 
But the CO or ij contains , — x 1-365 = 0-585 carbon. 

And the CO^ or my " . A- x 0-850 = 0-232 " 

or the total carbon of the gases, p, . . 0-817 " 
and as the carbon burned at the twyre 
and that supplied by the limestone are 

= 0-650 + 0.0485 = 0-6985 " 

we have for the carbon burned in the 

zone of reduction 0-1185 " 

And now from the total carbon we can deduce the caloric 
of combustion ; — 

The CO develops . . . 0-585 x 2473 = 1446 cal. 

The C0= gives . (0-232 — 0-0485) x 8080 = 1483 

Total caloric of combustion 2929 cal. 

Let us admit that the calorie absorbed is the same as was 
ascertained for No. 4 furnace at Consett (§ 20), i. e. 3654 cals., 
the blast must therefore carry In 725 cals. instead of 643. 

But in reality the caloric absorbed will be less, because the 
weight of the gases will be less, and besides, their temperature 
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would be somewhat lowered. We should find for this 

difference a maximum value, by supposing that we get to 

the limit of cooling at 200°, above indicated. 

The weight of the gases is as follows : — 

myovC(y . . . . = 0'850 

y or CO . . . . = 1-365 

1 The oxygen x of blast 
N 3-33 X 0-837 X 0-9767 = 2-722 , f^ ^ ^^„ 
( being =0-837 

Weight of dry air . 4-937 

Water from coke . . 0-022 

Weight of moist gases . 4-959 instead of 5-161 of § 20. 
Therefore the caloric ean-ied off by the gases will be 
4'" -959 X 200° X 0-237 = 235 calories, 
instead of 303 calories found in § 20. The caloric absorbed 
or necessary will therefore be decreased by 68 calories, and 
thus reduced from 3654 to 3586. 

Although in fact the gases would escape at a somewhat 
higher temperature than 200°, let us admit these numbers. 
The blast would have to furnish al least 

3586 — 2929 = 657 calories, 
and as the weight of blast is, according to the formulas of § 7, 

0-857 X 4-33 x 0-9828 = 3"^ -562, 
we then have for the minimum temperature of the blast, 

657 _ _657_ _ 

3-562 X 0-239 0-851 

Let us now calculate the caloric developecl in the zone of 
reduction. It is equal to the total caloric of combustion 
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mmus the calorie developed near the twyrea by the combus- 
tion of 0-650 of carbon, which is . 0-650 x 2473 = 1607 cala. 
and there therefore remains for the caloric of the 

zone of reduction 1322 

Total calories, aa above 2929 

But, according to the synoptical table of | 21, the caloric 
of combustion in the zone of reduction of Ifo. 4 Consett 
furnace is 1339 calories. Thus, as has been already remarked, 
as the temperature of the blasl increases tlie caloric of com- 
bustion diminishes in the zone of reduction, and that not- 
withstanding the increase of the carbon consumed in this 
region, which rises in this case from 0-113 to 0-1185. 

Let us now go through the same calculations for the case 
in which the carbon consumed near the twyres is reduced to 
0'" -600. 

The oxygen corresponding = x 0*600 = 0-800, and as 

0-030 is furnished by the charge, there remains for the blast 
0-770, and hence the total oxygen will be, 

0-800 + 0-403 + ^ (0-0485) = 1'" -332, 
which gives 

„_7 

78-08"' 

and CCF- m?/= 1-300 x 0-623= 0-810, . . . 0-221 

Total carbon of gases, 0-778 

Carbon burned at twyres and derived from limestone, 0-6485 

Therefore carbon burned in zone of redaction, 0-1295 
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The caloric of combustion is, according to thia, 

Tor CO 0-557 X 2473 = 1377 cals. 

CO=(0-221 — 0-0485) X 8080 = 0-1725x8080 =1394 

Total, 2771 cala. 

To find the sum of calorie necessary for the furnace, we 

must calculate the caloric carried off by the gases, admitting 

as above that they are cooled down to the extreme limit of 

200° C. 

The gases are composed of — 
my~C<y . . . . =0-810 
= 1-300 

= 2-504 by formalas of § 7. 
= 4-614 
= 0-021 
= 4-635 



3/= CO. . . . 

^ = 3-33 X 0-770 X 0-9767 

Weight of dry gases 

"Water from coke . 

"Weight of moist gases 
and hence caloric carried oiF by gases 

4-635 X 200° X 0-237 = 220 calories, 
instead of 303 of § 20. 

The necessary amount of caloric is thus reduced by 83 
calories, that is, to 3571. The blast has therefore to furnish 
3571—2771 = 800 calories. But the weight of blast is, 
according to | 7, 0-770 x 4-33 x 0-9828 = 3-277, and hence 
for temperature of blast, 

3-277 X 0-239 0-783 
And now let us calculate the calorie developed in the zone 
of reduction. We have, 

Total caloric of combustion .... 2771 cals. 

Caloric developed near twyres, 0-600 X 2473 . 1484 
Therefore caloric developed in zone of reduction 1287 cals. 
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Let us now bring together, in a synoptical table, the resnlta 
found actually at Consett, and the results which we have 
found by calculation on the hypothesis that m = 0-623 does 
not vary : — 



Carbon burned at the twyres . 
Carbon burned in the aone of reduction 
Total carbon consumed, including the 1 
0030 taken up by the iron . J 

Caloric developed in zone of reduction . 
Caloric developed near twyres 



Total caloric received o 
Temperature of the gases 
Temperature of blast . 
Weight of blast 



0-676 
0-113 
0-819 



3-751 



0-650 
0-1X85 
0'798g 



a -662 



0-1295 
0-7595 



This Table shows that after a certain limit of temperature 
the advantaf^es of superheated blast become less and less, and 
this fact is due to several causes : — 

1. The raaas of air diminishes as the temperature in- 
creases.* 

2, The cooling of the gases of the tunnel-head, at first very 
rapid, is soon limited by the development of the phenomenon 
of dissociation of CO. 

Sd, and lastly. The ratio m, which we have assumed as 
constant at and above 718°, cannot, in fact, increase above a 
certain maximum, for reasons already given in detail ; and 
this limits the caloric developed in the zone of reduction. 

From this it appears certain that although there is great 
advantage, under the conditions of the Cleveland furnaces, 

• See Bell, op. cii. 
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in raising the temperature of the blast from 400° to 700°, 
there is not nearly the same advantage in adding 300° more, 
that 19, heating the blast to 1000°. 

It remains now to show that these eoiielusione would he 
very little modified even if the ratio m was 0-70, or even 0-80, 
which is the proportion at which the CO is no longer 
dissociated. 

Let us take of the same calculations in the hypothesis of 
these new values of m, and let us see, in the first place, which 
changes would be produced on the working of !N"o. 4 Consett 
furnace, if m passed from 0-623 to 0-70. 
Carbon burned near the twyres . . . . = 0-676 
Oxygen furnished by the blast ^- x 0-676 — 0-030 = 0-871 

Total oxide ofcarbon Ax 0-676 + 0-403 + |-(0-0485)=l-443 
and benee 

and CO' or my - 1-326 X 0-70 ■ =0 -928 ji'il - 0-253 

Therefore total carbon of gases 0-821 

Sum of carbon burned at twyres, and in limestone 0-7245 

Carbon burned in zone of reduction , 0-0965 

The caloric of combustion is therefore 

From CO - 0-568 x 2473 . - 1405 cals. 

" CCF-(0-253 — 0-0486) X 8080-1652 

Total . 3057 cals. 
The gases are composed of 
mj/ or CO" . . . - 0-928 
y or CO . . . - 1-326 
N - S-33 X 0-871 X 0-97677 - 2-833 (formulas of § 7). 
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TVeight of dry gases . 5'087 

'^'"ater of coke . . 0-022 

"Weight of moist gases . 5-109 

The lemperaiure of these gases will not much diiler from 
those of the actual working, as their weight is nearly the 
same, S'" -109 to 5'" -161 (§ 20). 

The caloric carried off by the gases will hence be 
5'" -109 X 248° X 0'237= 300 calories instead of 303. 

The necessary caloric will therefore be decreased by 3 calories, 

which brings it to 3651 cals. 

And as the caloric of combustion is . , . 3057 
There remains for the heat of the blast . . 594 cals. 

But the weight of the moist blast is, according to § 20, 
3'" -751, and hence for the temperature of the blast 
594 



3-751 X 0-239 



12° instead of 718°, 



that is to eay, any increase in the ratio m admits of a lowering 
of the temperature of the blast, or it involves, for equal eon- 
sumption of fuel, a higher temperature of Uie gases. 

Let us now calculate the calorie developed in the zone of 
reduction: — 

We have total caloric of combustion . . 3057 cals. 

Caloric developed near twyres 0-675 x 2473 = 1672 

And hence caloric developed in zone of reduction 1385 cals. 

We can, in the same manner, calculate all the details for the 
ease of the carbon burned near the twyres being reduced to 
0-f)50 and 0-600. To abridge the matter, a synoptical view 
only is given in the following Table. It is only c 
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say that, as in the cases above given, it ia assumed that the 
gases go off with a temperature of only 200°. 'We then have 
for the supposition that m = 0-70: — 



Carton burned at the twyrcs . 
Cftrbon burned in zone of reduction 
Total carbon consumed, including the 

O'OaOabsortcdby theiron . 
Caloric developed ia the zone of reduc- 



Caioric developed near twyres 



Total caloric 
Temperature of the gases 
Temperature of blast 
Weight of blast 



lbs. 



0-676 
O-0a65 


0-650 
0-1035 


0'8035 


0-7835 


1385 
1673 


1369 
1607 


3059 
594 


3976 
60» 


8651 

348 

673 

3-751 


3583 

200 

715 

3-562 



3813 
757 

3570 



And now I shall, in like manner, give a synoptical table 
of the elements of working the Consett furnace, in the 
hypothesis that the ratio m could be brought to 0-80, the 
limit at which dissociation of CO takes place. This ease ia 
not yet know to occur in Cleveland, but it is important to 
have exact notions of the efleets of such working. 

The only uncertainty which attaches to the results is the 
unknown temperature of the escaping gases. For the high 
temperature of blast corresponding to the small eonaumption 
of 0*650 and 0-600 of carbon at the twyrea, it is more than 
probable that the gases leave the furnace at the limit of 200°. 
But when the consumption is 0*676 before the twyres, it may 
happen that the temperature of the gases is higher than this 
limit, 200°, which would, of course, involve a higher 
temperature of blast, for from this cause alone the necessary 
caloric would be greater. 

The following are the results of calculations on the double 
hypothesis of m= 0-80,andthetemperatueof gaees = 200°: — 
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Carbon burned at the twyres . 
Carbon burned in zone of reduction 
Total carbon, including 0*030 for i 

bination witi iron 
Caloric developed in the zone of reduc- 






Caioric developed before twyres 



Total necessary caloric 
Temperature of gasea 
Temperature of blast 
Weight of blast .... 



0-676 I 0-650 
0-0785 j 0-0865 



3-751 



These two last Tables confirm the conclusions drawn ffom 
the first. 

For the same value of the ratio m, the carbon burned in the 
zone of reduction increaaee when, by increasing the tempera- 
ture of the blast, the total consumption, as well as that near 
the twyres, tends to decrease ; and yet the calorie developed 
in the zone of reduction is so much the less as the blast 
temperature is higher. If we compare the three Tables with 
each other, we see that to ascertain the calorie necessary in 
the furnace, the blast temperature must be so much" the 
higher as in is less. But it is evident that, all other tilings 
being eqnal, it will he more economical to get this necessary 
caloric by a good design of the furnace than by an overheated blast. 
In any ease, the maximum of economy will be attained by the 
combination of high temperature of blast and a high value of the 

CO' 
a certain mean height of furnace, as shown in the preceding 

paragraphs, and presupposes that the working is slower in 
proportion to the greater capacity of the furnace— that is, 
from the moment a certain limit is overstepped. 
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And now to answer the question proposed at the com- 
mencement of this paragraph — whether t)iere ia advantage to 
heat the blast to 800°, 900", or 1000°. We can boldly 
answer, Yes. For each rise in temperature of the blast there 
is increased economy, abstraction being made of course of the 
cost of maintaining and firing stoves for heating the blast. 
At the same time this economy decreases rapidly with the 
rise in temperature. The economy arising from each acces- 
sion of 100° to temperature of blast is much less from 800° 
upwards than from 500° to 700°, and still less than between 
400° and 500°, and thus in "practice it is almost useless to 
exceed 700° to 800°. 

§ 26. Conclusions. — It is now time to state the conclusions 
to which we have been sncceusively led by the preceding 
study of the blast furnaces of Cleveland. 

1. The production of blast furnaces beyond the capacity of 
7000 cubic feet does not increase in proportion to that 
capacity {% 1). 

2. To appreciate rightly the working of blast furnaces, it 
,_^"mthe 

escaping gases. By help of this ratio we can not only calcu- 
late the true composition of the gases, but also the weights 
of blast necessary for the furnace. 

3. To determine exactly the ratio -^ - it is not sufficient to 

draw off a certain number of samples taken from time to 
time instantaneously. The gases must be drawn off for several 
hours, and for this purpose it will be well to have recourse to 
an apparatus analogous to that used by Mr. Scheurer-Kestner 
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in his analyaia of the products of conibuatioti of coal under 
steam boilers (§ 9 ; Plate, Fig. 13). 

4. Once the composition of the gases is known, if we would 
render an exact account of the working of the blast furnace, 
we must establish a balance between the calorie received and 
the caloi-ic expended, and estimate separately the caloric 
developed in the zone of the twyres, and that which is 
produced in the zone of reduction {§§ 10 to 15). 

5. In the application of these principles to several blast 
furnaces of Cleveland, we have found that the advantages of 
very high furnaces over low furnaces, result simply from the 
lower temperature of the upper parts of the body of the 
furnace. Reduction goes on more perfectly and completely 
by the action of CO alone, without intervention of solid 
carbon. We approach the ideal working, which supposes 
the solid carbon burned exclusively by the oxygen of the 
blaet. An additional advantage, and more direct, is the less 
amount of sensible heat in the escaping gases (| 21). 

6. The consumption of blast furnaces depends partly on 
their yield. The minimum consumption corresponds to a 
mean speed of descent of the charges, and this varies besides 
with the height and absolute capacity of the furnaces (§§ 22 
and 23). 

7. By reason of the dissociation of the CO in the upper 
region of blast furnaces, the temperature of the escaping 
gases cannot descend below a certain limit, and on this account 
there is no advantage from the time this limit is attained in 
enlarging either the capacity or height of the furnaces (§ 24). 
A very slow rate of working and an excess of capacity are 
prejudicial. 

8. The caloric carried in by the hot blast replaces advan- 
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tageoualy what is developed in the zone of the twyres. The 
relative economy due to hot blast decreases as the tempera- 
ture is made higher. In practice there seems to be no real 
economy after the limit of 700° to 800° has been reached. 

The hot blast tends to raise the ratio - - -,and by cooling the 

upper regions of the furnace it favora reduction without con- 
sumption of solid carbon; that is, the ideal working of the 
apparatus. 

Application op the New Method op Analysis to a Fresch 
Blast Furkace. 

§ 27. The investigation of which I have just summed up 
the principal conclusions is composed of two parts: — 

I first showed how, with help of a simple apparatus, we 
can obtain samples, small in volume, it is true, but repre- 
senting the exact mean composition of the escaping gases of a 
blast furnace, and how, by merely determining the ratio of 

CO' 

only to the complete composition of these gases, but in a 
more rigerbns way than by any other method, the weight of 
the blast consumed in the furnace. 

I then showed how, with help of the elements thus deter- 
mined, we can make up the calorific balance of blast furnaces, 
and thus render a complete account of all the details of its 
working. 

By applying these principles to some English blast fur- 
naces, and making use of the analysis made by Mr. Lowthian 
Bell, I endeavored to solve the important question of the 
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maximum, height and limit of capacity, and also that of the uae 
of superheated blast. 

It is quite unnecessary that I ehouid inaiat on the advan- 
tages of such an analytic atudy of the working of blast 
fnrnacea. It is time to quit empirical methods for rational 
investigation. 

Up to the present time the difficulties and complication of 
processes have stayed progress. The mode of analysis which 
I propose is simple, and available in every industrial labora- 
tory. Until this mode can be applied by myself and others 
in Prance I desire to show by one example how it is possible 
to ascertain, even without chemical analysis, how nearly the 
working of a blast furnace approaches or falls short of the 
idml working, that is, of ike minimum consumption possible. 

We have seen above how far the old 4G to 56 feet furnaces 
of Cleveland were from realizing the ideal workings; the 
gases escaped at a high temperature, and the proportion of 

4?' 

0'40. The progressive increase in the height of the furnaces 
overcame this double disadvantage ; but it is quite evident 
that in cases where the gases are cool, and the ratio of CO' 
to CO approaches unity, the progressive increase of height is 
useless, and hence the great importance of determining the 

ratio - - - in each particular case, We couM then determine 

a priori whether there would be or not an advantage in 
modifying the dimensions of the furnaces. By these studies 
abortive trials, such as are alluded to in § 2, may be avoided— 
blast furnaces raised to great heights, and then decapitated 
and reduced to the old dimensions. 



dbyGoogIc 



120 STUDIES OP BLA8T FUKNACES, 

We have in France numeroua coke blast furnaces of ordi- 
nary dimensions, the consumption in which is not greater 
than in the great furnaces of Cleveland, and yet the ores 
there treated are neither richer nor more fusible than those 
of the north of England. These furnaces would gain very 
little in being increased in height, for the gases are now 
relatively cool and the consumption small, so that a priori we 

may feel sure that the ratio - ^ is not far from unity. 

Let us show by an example that even without an analysis, 
properly so called, it is possible to arrive at an approximate 
determination of this ratio, and to ascertain up to a certain 
point if it be possible to improve the working of the furnace. 
It is, however, quite clear that in any case it would be most 
useful to be able to coniirm these approximations by a direct 
examination of the gases of the tunnel-head. 

I take as an example one of the blast furnaces of Pouzin, 
of the Soci6l6 de I'Horme, situated on the borders of the 
Rhone, between Valence and Mont^limart. The data have 
reference to 1857 — somewhat old, but the ores, the coke, the 
consumption, etc., are even now the same. The yield alone 
is different. In 1857 the yield was only 18 tons; it is now 
25 to 30 tons. 

The section of the furnace is tapering (fig. 12). The 
height is 55 feet, and the capacity 4000 cubic feet. The 
blast was heated to 290°, and supplied at pleasure by two or 
three twyres. The temperature of the gases escaping was |50°. 

The normal yield was forge pig No. 4. The ore is the red 
haematite of the Oxford formation, with an argilo-caleareous 
matrix. Its average composition is represented by the fol- 
lowing: — 
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Peroxide of iron . . 60, with 42 of iron. 

Clay .... 21 

Carbonate of lime . . 15 

"Water .... 4 



The various elements of the working of the furnace are put 
together in the following Table, giving the balance of raw 
materials and yield. This is the model of such tables used 
hy me for a long time for my lectures at the Ecole des Mines. 
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Balance op Raw Material and of Yield of one of the Blaat 
Furnaces of Pouzin (1857), the pig-iron containing 3 per 
cent, of carbon, 2 per cent, silicium, 1 per cent, of other 
foreign matters. 





'*'"""'"""'*'"'"""'""■ 


Yi.I., 


"""pVyi*"^' 


PiJ!- 


0-431 
0-196 


-'■ 


Ibe. 
Ore . . . 3340 
Composed of— 

(0-80) Fe=0' 1-404 

(0-31) day. OMl 

(O'lS) carbon- 
atcoflime O'SRl 


Iba. 
Peroxide of !rOD,]-S43|^« ■ 
Peroxide of iron, 0061 ( peCf 
1-404(0 . 
n-fiR(t ! Silica and earUi ( SI, etc. 
"^^••i reduced |o . 

See § 7. 
0.431 undecomposed clay . . 


0-940 
0-b30 


0-403 
0-006 
0-030 
















2-340 








Flux . . . 0-600 1 


Limo 




0-3^ 














Coke. . . 1-300 


Carbon lbs. 0-970 

Cinder " 0-180 

Water " 0-050 

Coke ..." 1-200 


0-030 


0-180 


0-940 
0-050 


Total of Bolid .t 1 
raw material 4-14fe ] 


GiTing 


1-000 


1-198 


1-943 



KoTE. — To Iiaye the total weight of Ike gases, we must add to 1-943 the 
weight of blast supplied. We shall see that this may be valued approxi- 
mately at 4-875. It is also to be remarked m passing, that when we know 
the composition of the matrix of Uic orea, and of the ashes of the eoke, we 
can also, by means of this tabic, determine a prion the compo^tion of the 
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In order now to apppeeiate, by this Table, the real working 
of the furnace, we must first make an approximate estimate 
of the caloric consumed. 

This is composed (by § 10) of four parts, of which two can 
be determined with sufficient exactnesa, and the two others 
only approximately. 

The first part ineludee, on the one hand, the caloric ab- 
sorbed by the rediiction, which scarcely varies with the nature 
of the ores if they be peroxide; and, on the other hand, the 
caloric possessed by the iron in flowing from the furnace. 
The caloric of reduction is . . . 1984 cals. (§ 11). 
For caloric of fusion for forge iron, No. 4, say 310 

Total . . 2294 cals. 

In the second part, there is first the caloric in the slags. 
Aa the ore is fusible, we may put this at 500 calories per lb. 
of slags, instead of 550, which gives for 1*198 lb. of slag, 599 
calories. 

We have then the caloric taken for decomposition of the 
limestone, the vaporization of water, and the decomposition 
of the moisture of the air. It is only this last element which 
is uncertain, because we do not know the exact weight of 
the blast. But we may admit, provisionally, aa the weight, 
4'50 lb, considering what we know of the carbon consumed 
and the results derived from the Cleveland furnaces. 

The third part is the caloric carried off by the gases, We 
know their temperature. As to their weight, it is sufficient 
to add to the gases from the charges the air of the blast, that 
is, according to our table, 4*5 + 1*942 = 6*442 ; and the 
fourth part is the caloric lost by radiation, etc., from the 
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walls of the furnace; and we may admit 300 calories, judging 

by Mr, Bell's data for Cleveland. 

Starting from these principles, we shall find for the caloric 

consumed by the Pouzin furnaces as follows : — 

1. Calorie of reduction and of fusion of pig-iron = 2294 cals. 
,Caloric in the slag, 1-198 X 500 . . . = 599 " 
I Caloric absorbed by the limestone, of ore 
\ and flux, 0-991 x 373-5 . . . . = 355 " 

2. 'Calorie absorbed for evaporation of water 

J of ore, and coke, 0-144 x 606 . . . = 87 " 

I Caloric taken for decomposition of moisture 

\ of air, 0-0062 x 4-5 x S222 . . . = 90 " 

3. Calorie carried off by gases, 6-442 x 150 x 

0-237 = 229 " 

4. Calorie lost by radiation, etc. . . . = 300 " 

Total caloric consumed or necessary . 3954 cals. 
This figure must also represent the caloric received, which ia 
made up of the caloric of combustion, and the caloric carried 
in by the blast. 

N'ow, admitting that the weight of blast is 4'*' -50, we have, 

as approximate value of the calorie carried in by blast (§ 16), 

4-50 X 290° X 0-239 = 312 calories. 

There remains, therefore, for the caloric of combustion, 
SM3-calories, whilst the total calorific power of the carbon 
ia 0-940 X 8080 = 7595 calories; so that we have, as final 

result, the caloric developed in the furnace _.„^- = 0-48 of 

the calorific power of the carbon burned. This is precisely 
th'e proportion fou^d for^the large blast furnace of Clarence 
Works (§ 17), which aeems to prove already that the Pouzin 
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furnace, notwithstanding its small capacity, was working 
under good conditions. 

But aa we know the carbon burned and the caloric devel- 
oped, it is easy to find, by the help of two equations, the 
value of my or CO* and y or CO. 

"We have, on one hand, the equation (1.) of § 7: 

and, on the other hand, we know that the caloric of combus- 
tion is due to carbon burned to CO and CO^ The formula 
(4.) of § 15 gives for this caloric 

-^ 3/ X 2473 + (^my — b\ 8080 = 8642, 

a formula which may be written thus: 

(4.) (A X 2473 + ^ m X 8080\ y = m4A + 8080 x 6 = Q. 

And from these two equations (1.) and (4.) we have 

*^°"7 V8080p~Q7' ^~ 3 \ 5607 ) 
, ll/Q — 2473.n 

l^«"<^e "^^=3 (—5-607--)- 

Let ua now apply these expressions to the data of tlie 
furnace of Pouzin. .■■■■■' Tr' 

b is the carbon contained in the limeatone^O'" -951 = O'SOO 
+ -351, therefore = b 0-12 x 0-951 = 0-114; , 

p is the carbon-eo»eumed, plus the carbon supplied by the 
limestone ; 

therefore p = 0-940 + 0-114 =. 1-054, ■■ 
hence Q = ■864a + 8080 x 0-114 = 45^ calories, 

_ 11 /4563_— 2f;06\ _ 11 ri957 \ 21527_ _ . -g 
"*" 7 \8516"— ISW ~ 7 V3953^" 27671" 
y = 1'* -645 and my = l'" -280. 
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The gases therefore contain : 
i.tU: ~—t-64&-C0, containing 0"' -705 carbon 
/.-JTI 1-280 00= " 0--349 " 

Total carbon 1"* -054 = p. 
And from the values of m and of y we can deduce the 
quantities of oxygen and nitrogen which must be supplied 
by the blast, using the formnlas of § 7. 

The formula {3,} determines the oxygen given up by the 
charge to the gases: 

^ =. _^_ X 0-114 + 0-423 = 0"^ -727 

and formula (2.) gives for total oxygen of blast 

y.^ J' . (44 + 56 X m) — 0-727 = 1'" -146 
77^ 

and hence for oxygen of dry air, 

z 0-97677 X = !"> -119 

For nitrogen, 3-33 z . . . = 3 -"26 

That is, for dry air = 4 -845 
Moisture of air, 0-0062 x 4-845 . = -030 

"Weight of moist air = 4 -875 
And finally the gas will be composed of 



CO . . . 




V -280 


CO . . . 




1 -645 


N . . . 




3 -726 


Dry gases 




's"-ebi 


"Water of charges 




444 


Moist gases . 




6 "-795 


We see now that the weight 


of air 


in blast, and of the 


escaping gasea, are somewhat greater 


han the weights we 
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assumed a priori. But in reference to calorific effects, there 
18 very nearly compensation ; the excesa of blast, 0'375, would 
take in 25 caloriea more into the furnace, whilst the excess of 
gases would carry off 14 to 15 caloriea above the numbers 
deduced by calculation. 

There would therefore be in reality an excess of caloric 
carried in of 10 to 11 calories, which should be compensated 
by a less caloric of combustion; that is, the caloric of com- 
bustion would be reduced from 3642 to 3632. If we would 
go very accurately to work, we must begin the calculation 
again with this last number in order to determine the values 
of m and y. The number Q, in the preceding formulas, 
would be reduced by 10 units. "We should have 4553 
calories, instead of 4563. But it is quite evident that this 
correction would be insignificant. It would give the value 
of CO 0'" -004 more (1-649 instead of 1-645), and the ratio m 
would scarcely be affected. In short, the figures above 
given represent sufficiently near, for practical purposes, the 
real state of things; and the result is, that the worliing of 
the Pouzin furnace is very satisfactory. 

The ratio m has almost attained the limit 0-80, at which 
the dissociation of CO does not take place. The gases are 
rich in 00^ and yet cool. In these circumstances an increase 
of the height of the furnace could produce no sensible useful 
effect {§ 24). 

The consumption could not be reduced below 0-970 of pure 
carbon, unless the blast were superheated, as at Consett. 
This advantageous working of the Pouzin furnace must, in 
my opinion, be attributed, in great measure, to the high 
tapering form of action. The gases are very uniformly dis- 
tributed, and the reduction goes on very regularly. At one 
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time, the director of the works tried to enlarge the tunnel - 
head without modifying the system of charging. There 
resulted immediately a less regular working, and a greater 
consumption. Since that time the yield has been increased 
by forcing the weight of blast, but the consumption has not 
sunk below 0-970 of pure carbon. 

We now see, that indirectly, even without determining by 

experimenting the value of m = -„„ we can come at an ap- 
proximate estimate of the manner in which the carbon is 
consumed in blast furnaces, and thus f^preeiate. the relative 
economy of their working. But this indirect determination 

of the value of -^^ depends on an estimate more or less 

hypothetic of the caloric consumed. It will always be 
preferable to determine the ratio by an analysis of the gases, 
which allows of our calculating with perfect exactness the 
caloric received. 

This is a system of controlling the working of blast 
furnaces easily realized. It may be confidently recommended 
to iron-masters. They can thus ascertain in what respect 
their apparatus is faulty, and remedy the fault with confi- 
dence. 

§ 28. Another example of French blast furnaces. — I have 
now shown by the example of Pouzin, that it is not always 
necessary to have great height of blast farnace to get satis- 
factory results. I might multiply examples. I shall take 
the blast furnaces of Denain of 1865, in which, with a volume 
of 2750 cubic feet, and a height of 42 feet only, they have 
arrived at a yield of 30 tons per day of forge iron, consuming 
only 1"150 to 1*200 tons of coke of 15 ^ ashes per ton of pig. 
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and this with argillaceous orea yielding only 32 J^ to 35 ^. 
These favorable results are realized chiefly by a more rational 
syatem of charging, and also, as at Pouzin, by their having 
a more contracted region of fusion than moat of the English 
blast furaaeea. 

Take now, as example, ISo. 1 furnace of Montlu§on, St. 
Jacques' "Works, of which in 1867 the principal elements 
were, 

Capacity .... 4250 c. ft. 

Height .... 49 feet. 

Temperature of the blast . Sl.'j^ 

Temperature of escaping gases, 100°, arising from the 
hydrated state of the ores. 

Yield in twenty-four hours, 24 tons of gray forge iron. 

Charges — hydrated ore in grains, with -- slag from forge, 
contains about 40 % as a mean. 
Consumption per lb. of iron, 

1 1-145 at 17^ of ash and 3^ of 
1 water, or 0-916 pure carbon. 
" " ores 2-547 

" flux 0-90fi 

Slag produced . . 1-470 

This is again an example of economical working, and if we 
apply to this the methods of calculation above given in detail 
for Pouzin, we should again find a high value for the ratio 

CO 

CO' 

the consumption, already very low. 
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The only possible economy is that which woulil result from 
the use of higher temperature of blast. 

If now I am asked whence arises this great difference 
between the working of the French furnaces here named and 
those of the older types of Cleveland, I can only suggest the 
following reasons:— 

1. The section of the French furnaces is generally more 
tapering than that of English furnaces. Hence there is a 
better distribution of the gases ; the reduction goes on in the 
upper regions with a less combustion of solid carbon. It has 
been already remarked that it is to this diiierenee in section,- 
in shape, that part of the economy of the furnace of Clarence 
1866, compared to Orniesby 1867, and Clarence 1853, is to be 
attributed. 

2. The manner qf__charging is more studied in France. Its 
influence on the distribution of the blast is well known. It 
is seen that thus they approach most nearly to the ideal 
working, that is, to the reduction of the ores without burning 
solid carbon. 

3. Lastly, the region of fusion near the twyres, the hearth, 
appears to me to be generally too wide in Ftigland. In the 
smallest furnaces of Cleveland the diameter of the hearth is 
never less than 6 feet, and in most of those of 10,000 cubic 
feet and 17,000 cubic capacity, it reaches 7 feet 3 inches to 
8 feet 3 inches, and even 9 feet, and yet the height is often 
less than this diameter. But the capacity of the region of 
fusion has a direct influence on the consumption. For fusing 
a refractory ore, it is not necessary alone to have a certain 
amount of caloric, the caloric must be well distributed, so that 
the local temperature shall be intense, which cannot be 
realized save in a contracted space. 
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We know by Tuimer'a experiments on the temperatures of 
the region of fusion, that near each twyre the zone of com- 
bustion is always very limited, and that if we desire to have 
a high mean temperature the zone of fusion must be contracted. 
"Whatever be the dimensions of the body of a blast furnace 
this high temperature cannot be realized with a relatively 
low consumption, except by the use of narrow hearths high 
relatively to their diameter. This is a precaution too often 
neglected, not only in blast furnaces but also in lead and 
copper furnaces and in cupola furnaces. 

Additional Note. 

During the impression of these pages, I have engaged in 
certain experiments on the caloric of the iron and slags run- 
ning from the blast furnace. I shall publish these results 
soon. In the mean time I must say that the numbers adopted 
by Mr. Bel! now appear to me somewhat high, and that in 
the estimates above given there may be some correction to 
make. 

All the genera] conclusions to which my study of the blast 
furnace has led me arc in no way aftected by this — only, the 
caloric carried off by radiation from the toaUs of the furnace 
should he about 100 calories more than above given. 
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KOTB I. p. 42. 

On this subject Dr. Percy haa the following observations : 
" III all the preceding experimental investigations concerning 
the composition of the gaseous currents of blast furnaces 
there ia one source of error which should he particularly 
borne in mind. The gas from any given furnace was collected 
at successive intervals, and it is doubtful whether any method 
could have been adapted for collecting it simultaneously at 
diiierent depths, except by the insertion of tubes through the 
sides of the furnace, which would have involved much 
additional expense, and which might not, after all, have 
yielded perfectly satisfactory results, as the gas from the 
centre, owing to variations in the velocity of the gaseous 
current in different parts of the same transverse sectional 
area, may not have the same composition as near the sides. 
Now, identity of conditions cannot be measured, even in the 
same furnace, for an hour, much less for a day ; so that the 
gas collected at intervals, however short, from exactly the 
same part of the furnace, working with the same charge, 
may not have the same composition."* 

In Dr. "Wedding's translation of Percy's work, the remark 
is intercalated i " The most accurate average composition of 

* Percy, vol, li, p. 443. 
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the gases will be got by analysis of the gases drawn from the 
main tube leading off the gases from the tunnel-head for 
further use. Here they are thoroughly mixed." 



KoTE 11. pp. 50, 52. 

On the subject of refractory ores — " Minerals Befraeiaires" 
— " StFen0ussige Erze" as opposed to " Leicklflmsige Erze" — 
Mr. Lowthian Bell makes the following remark in section 
xliii. of his Chemical Phenomena of Iron Smelting: "In con- 
nection with the greater or leas consumption of fuel, German 
writers on Iron-smelting make use of the terms ' Strengfliissig' 
and ' Leichtfliissig.' If these words have to be taken in their 
literal sense of comparative susceptibility to fusion, their use, 
in my opinion, may lead to error. There are, no doubt, some 
differences in the melting points of different kinds of iron 
and slag, but these, I apprehend, are trifling, and cannot 
account for the marked alterations just spoken of in the 
quantity of fuel required for mere liquefaction. The actual 
cause of the lesser quantity of consumption of fuel in small 
furnaces I have conceived and described as being due to 
difference in susceptibility of reduction, and not fusion. 

There is however a considerable difference in the tempera- 
ture required for the complete formation of different slags. 
According to Plattner's experiments, although the tempera- 
ture of fusion of the slag itself when formed varies much less 
for different proportions of acid and bases, forming singulo- 
silicates, bisilicates, and trisilicates, the temperature at which 
slags are formed varies considerably. In general, singulo- 
silicates require a higher temperature for formation — are 
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" Strengfiussiger" or "Strengschmelziger" — than bieilieates: 
and of singulosilicates, 

tLat of Alumina takes for formation . . 2400° C. 
Magnesia . . . 2200° to 2250° " 

Barytes .... 2100° to 2200° " 

Lime .... 2100° to 2150° " 

Iron and manganese . 1789° to 1832° " 

The silicates of oxides of manganese and iron (protoxide) 
differ very little from each other. 

The bi- and trisilicates of the different earths are formed 
at a lower temperature. 

Of the bisilicates those of barytes and lime form at 2100° 
" " barytes and alumina 2050° 

" " lime and magnesia 2000° 

" " lime and alumina 1918° to 1950° 

The temperature required for the formation of compound 
silicate (for instance, CaO* Si'O •(- A10= Si^O', a frequently 
occuring slag) from the earths composing them, is very much 
higher than that at which slags which have been already 
fused can be melted. As the slags coming from smelting 
processes are seldom formed by fusing together these inde- 
pendent components, hut more frequently from a mixture of 
silicates already formed — partly from the ores, etc., and 
generally of manifold combinations of the oxides of the 
earths — the temperature required for the formation of the 
new slag or compounded silicates will lie between their point 
of fusion and the temperature which would be necessary to 
form this new slag from the separate simple substances. 

Refractory slags — " strengfliisaige" — which are always indi- 
cations of faulty working of the furnace, arise either from 
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iiisufflcicot temperature, or from injudicious combination of 
the charges, as when too much silica and too little of the 
bases, or the contrary, exists, or if among the bases there be 
an excess of alumina and magnesia. Such slags are recognized 
by their pasty nature, their earthy, half-fused appearance, and 
by the air-holes pervading them. On the other hand, the 
charge is a good combination when the slags flow out of a 
good consistency — as free from metal as possible — and when, 
for a given consumption of fuel, the maximum of ores can be 
used. 

Dr. Percy, while objecting to the principle of Plattner's 
method — because it assumes that alloys of gold, silver, and 
platina fuse at the mean temperature of the component parts 
— says we may accept his results as aflbrding practical infor- 
mation of value. " The melting points of metals and their 
alloys are fixed and unvarying, except under extraordinary 
conditions of great pressure, and as they extend through a 
very wide range of temperature they may be conveniently 
employed in the determination and comparison of high 
temperature. "* 

Plattner himself considered that he had only detennined 
temperatures correctly proportioned to each other, and not 
absolute thermometric limits. 

This note is to explain what is meant by " StrengflUssige 
Erzen" — " mineraia refractaire" — as used by continental 
writers. 

Note III. p. 87. 

The beautiful inductive investigation of the large yield of 
pig-iron with small consumption of fuel in the Styrian and 
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Cariiitliian furnaces, in section xliii, of Mr. Bell's work, ia 
well worthy of study in reference to this conclusion of M. 
Ebelmen. 

Also Br. Percy, vol, ii. p. 446, quotes Ebelmen in detail as 
follows: "If we compare two kinds of fuel, which act with 
different rapidity upon the air and carbonic acid, such as 
coke and charcoal, it is very plain that it will be necessary 
to increase the mass of the least ' combustible of the two, 
relatively to that of the ore, in order that oxidation of the 
iron should not take place to a greater extent in one case 
than in another. Thus experience has proved that, on the 
average, twice as much coke (by weight) is required as 
charcoal to produce in the blast furnace pig-iron of the same 
amount and of tlie same quality. In the same manner may 
be explained the difl'crence of consumption of the same 
furnace, working always with the same fuel, according as it 
is desired to produce different qualities of pig-iron. Thus, 
much more charcoal is consumed in order to obtain gray pig- 
iron than white." Dr. Percy remarks — "There is no doubt 
about this fact, though there may be much as to Ebelmen's 
explanation of it," Dr. Percy's remark I do not agree with. 
The "fact" is open to the greatest doubt. 

Note IV. p. 87. 

Tlie fact that charcoal decomposes CO^ (burns under a 
current of CC giving off" CO) more rapidly than hard or soft 
coke, ia proved incontestably by Mr. Bell's experiments, Nos. 
818 and 819, p. 75, No. I, Part II. of Journal of Iron and 
Steel Institute. 
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Note Y. 



It 13 proposed in this Note to give a brief history of the 
" Theory of the Bl^ist Furnace," with the view of showing 
how very recently correct notions on the subject were first 
published, even of the chemical phenomena involved; and 
that it is not more than ten years since any concentrated 
attention was given to investigate the physical phenomena, 
that is, the calorific phenomena accompanying the chemical 
phenomena, by a knowledge of which alone the natural limit 
to the economy of fuel can be determined. And further it is 
proposed to examine whether any tenable objections have 
been made to Mr. Bell's theory of thia subject, now repro- 
duced and perhaps rendered even more precise by Mr. Gruner 
in the text, §§ 4 and 5, where he defines what is, in respect 
of consumption of fuel, the ideally perfect working of a blast 
furnace. 

As to the theory of the blast furnace. 

In 1837-1838, Lampadius* taught his pupils that we may 
divide the blast furnace into four zones from above down- 
wards, viz., into zones of calcination, reduction, smelfcing^ 
and collection of products, and that therefore the charges in 
moving downwards must undergo the following changes. 
In the zone of calcination, the gaseous substances are driven 
off, the water, and in some part the carbonic acid of the ores 

* "Wilhelm August Lampadius, b. 1T73, d. 1843, waa chosen by the cele- 
brated Werner, founder of the Royal School of Mines, to be Profeasor of 
Chemistry and Metallurgy at Freyberg, He introduced Lavoisier's Chemis- 
try at Freyberg. He published Lis HaTidbueh der Allgemeinen SuiUnkunde 
in 1301-1810, 4 vols,, and was all his life active in the publication of impor- 
tant works on metallurgy and chemistry. 
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and fluxes. In the reducing zone, extending downwards 
nearly to the boshea, the desoxidation of the oxides of iron, 
by the carbonic oxide generated near the twyrea, goes on, 
and the rest of the CO* is expelled. A small portion of 
carburetted hydrogen also comes into play, and there is 
also reduction by contact with incandescent solid carbon. 
Towards the end of reduction the reduced iron sinters 
together with the substances forming the slags. The other 
substances present in the charges, as manganese, phosphorus, 
sulphuric acid, titanic acid, and such like, are only very 
partially desoxidized in this zone. In the zone of smelting, 
extending down to a point in the hearth above the twyres, 
the reduction of the ore is completed, and also a part of the 
manganese, and the acids and earths desoxidized. There are 
therefore formed compounds of manganese, phosphorus, 
sulphur, silicium, aluminium with iron, and these mis or 
combine with the iron, which here also takes up a certain 
proportion of carbon, and thus Soh eisen, cast-iron, pig-iron, 
fonie, is produced, a substance more fusible than malleable 
iron. In February, 1839, Lampadius published this state- 
ment of his views in a small work, Die Neuere FoHschntte im 
Gebiete der Gesammten Huttenkunde, i. e. " Latest Progress in 
Metallurgical Science aud Practice." That this was not the 
generally received theory of the process going on in the blast 
furnace is shown by the following abstract of a paper "On 
the Reduction of Iron Ores in the Blast Furnace by Hot and 
Cold Blast, and with Raw and Coked Fuel," published by 
Karsten in 1839.* 

It has been asserted, says Karsten, that in cases where not 

* ArcJiivfur Minm-alogU, etc., vol. xii, p. 528. 
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only fusion has to be effected, but reduction of oxidra must 
take place, tbis reduction is hastened by complete contact of 
the fuel with tbe ores; and hence it has been recommended 
that the fuel and ore should be mixed before being charged 
into the furnace. But it is well known, that it ia only 
necessary to begin reduction on the surface of a body, and 
that the process penetrates to the interior without any 
immediate contact with the reducing agent being necessary. 
M. Le Play has, it is true, recently and repeatedly called 
attention to the reducing power of carbonic oxide. He has 
shown that oxides of iron, in circumstances where they could 
not come in contact with solid carbon, were reduced at a 
certain temperature by carbonic oxide made in a tube in 
which carbon was at one end, oxide of iron at the other, and 
the air was sealed up with the two — that the carbonic oxide 
first formed was transformed to carbonic acid by the oxygen 
of the ore, and reconverted to carbonic oxide by the carbon, 
and so on in succession, till either the carbon was burned or 
the ore was completely reduced. "But," says Karsten, "the 
oxides of iron are unquestionably not reduced in this way in 
the blast furnace, because the CO formed by the incandescent 
carbon in contact with CO^ rushes too rapidly past to the top 
of the furnace, and because tbe oxides of iron are everywhere 
in contact with incandescent carbon, by which the reduction 
can be begun without its being necessary to decompose a gas, 
which would, besides, have to take place under circumstances 
which would rather favor tbe generation than the decomposi- 
tion of the gas {CO')." 

Assuming that the process of reduction above described 
was correctly conceived, Karsten proceeds to take into con- 
sideration tbe products of combustion, and concludes, "that 
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the formation of carbonic oxide takes place in the upper part 
of the furnace by the reduction of the ores by solid carbon." 
"But," says he, "the reduction when only CO is formed 
takes twice as much fuel as when CO' is formed; and if there 
were any means of preventing the formation of CO here, this 
would be at the same time the means of reducing the orea 
with the least expenditure of fuel." 

"We now know that the air blown into the furnace at the 
twyree is almost instantaneously transformed into carbonic 
oxide, and this gas, in its passage up the body of the furnace, 
acta more or less directly in reducing ores ; that is, ii;ith or 
without the aid of the solid carbon (see ante, p. 25), We 
also know that, in the presence of CO", iron is practically re- 
oxidized, and that in the presence of equal volumes of CO 
and CO^ peroxide and metallic iron are both brought to the 
state of oxide. 

The doctrine of Lampadius was much nearer the truth 
than that of Karsten, and is, in fact, the explanation still 
given of what goes on in the blast furnace (see Percy, vol. ii. 
p. 444), but great strides had yet to be made, and that very 
year, 1839, before the printing of the number of Karsten's 
Archiv in which his notions above given was finished^ 
Bunsen's first experiments on the composition of the gases at 
different depths of the blast furnace, at Veckerhagen, were 
published as an Appendix to Karsten's paper. In his report 
of the experiments Bunsen writes: "They prove that too 
much weight has hitherto been laid on the desoxidation of 
00^ to CO at the cost of incandescent carbon. Some of my 
experiments demonstrate that, in the combustion of charcoal, 
the first immediate product is CO, provided there be no 
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surplus supply of oxygen to burn the CO to CO^ and thua 
one-half the calorific effect of the fuel is lost." 

Thua began to he formed a theory of the hlasfc furnace. 
But such as it waa, the theory was still only a qualitative 
analyais, so to speak. Bunsen first began the quantitative 
analysis, and first gave a calculation of the quantity of calonc 
used in the furnace, and of the quantity carried off in the gases, 
and pointed out for what purposes this lost heat might be 
made available. For a particular case of analysis of the gases 
collected 5 feet under the tunnel-head, 49-55 per cent., or one- 
half of the fuel was proved to go off as CO, and was lost, and 
that besides the sensible heat of the gases themselves being 
993° C, 25 fo more of the fuel was lost in this way ; so that 
75 fc altogether was lost.* 

The researches of Ebelmen on the composition of the blast 
furnace gases were begun at the same time as Bunsen'a 
researches, but were published a year or two later.f Ebel- 
meii made his calculations of the quantities of caloric used, 
and of the temperature in the furnace, by adopting Dulong'a 
calorimetric results, given in the Comptes Rendus, 1838, p. 
874,^; and arrived at the conclusion that 64-8 % of the fuel 
went off in the gases and was lost. Ebelmen pointed out 
that the gases escaping would suffice for heating the blast, 
supplying the steam for blast engine, and for the desiccation 
of the wood used in the furnace itself. 

* Karsten's ArcUv, vol. xii. p. 547; 1839. 

t Annates dea Mines, 1841-43, and collected Memoirs, published in Paris, 

isei. 

f For the comtnistion of 

C to CO' DuloDg found 7ie7 csls., but it is 8080 
COtoCO> " " 2634 cals., " " 3473. 
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Such was the progress made towards a rational ■theory of 
the blast furnace — chemical and physical — and of its applica- 
tion to determining the calorific efficiency of the fuel con- 
sumed, in 1842 ; and very little progress was made for eeveral 
years afterwards either in diffusing or extending the notions 
then attained to. 

And now it is interesting to show how, in this department 
as in many others, art is the mother of science. 

Long before an analysis of the gases of blast furnaces was 
made, or could have been made, practical men perceived the 
uses to which the gases could be turned. For this object a 
quotation from Dr. Percy's great work, vol. ii, p. 663, will 
suffice; "In June, 1814, Berthier published an interesting 
and important paper* on the successful application, in France, 
of the waste gas to various purposes, such as the conversion 
of iron into steel by cementation, and the burning of lime 
and bricks. The credit of this application is due to M. 
Aubertot, who was a proprietor of ironworks in the depart- 
ment of Cher. He obtained a patent for it in France in 1811. 
Berthier visited four works, either belonging to, or managed 
by, M. Aubertot, so that his description was founded on 
personal observation ; and it is very just to his memory to 
state, that he seems clearly to have foreseen the value of the 
application in question. The calorific effect of the waste 
gases was rightly attributed by Berthier, partly to the 
sensible heat, and partly to the heat developed by combustion 
in contact with atmospheric air." 

Mr. Moses Teague took a patent on this matter in 1832. 
Mr. James Palmer Budd obtained a patent for the applica- 

* Journal de» Mines, SS, p, 375; June, 1814. 

10 
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tion of the " heat, flames, and gaees of the blast furnace to 
the heating of liot-blaat stoves" in 1840. This application 
was carried into practice at Yetelyfera, and so satisfied was 
Mr. Budd with the success that he even ventured to draw 
the following conclusion: "It would appear to be more 
profitable to employ a blast furnace, if as a gas generator 
only, even if you smelted nothing in it, and carried off its 
heated vapors (sic) by flues to your boilers and stoves, than 
to employ a separate fire to each boiler and each stove. These 
considerations irresistibly suggest to me a great revolution 
in metallurgical practice, a new arrangement, in fact, of 
furnaces and works by which considerably above £1,000,000 
a year might be saved in the iron trade alone (1848)," This 
was excusable in t!ie first enthusiasm, but it is well known 
that it is only when a low class of coal has to be used that 
generator or "producer" gases are not wasteful, except where 
intensity of heat is required. 

Let us revert now to the progress made since 1842 in the 
chemical and physical theory of the blast furnace, Bunsen's 
calculations were founded on the truth of " Welter's law," by 
which the calorie evolved in the furnace would be to the 
potential caloric of the gases escaping as the weight of the 
oxygen burned in the furnace is to that of the oxygen 
required for complete combustion of the gases escaping. 
"Welter's law is not universally true, and it is certainly not 
true for this application. 

Ebelmen could only refer to the calorimetric determinations 
of Dulong for his calculation of the development of caloric 
in the combustion of carbon and carbonic oxide.* Since then 

* It is interesting to mention hero that in the SanAluch der Chemie of 
li. Gmelin, published in 1843, he remarks — " Dulong's determination of the 
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we have the more accurate determinations of MM. Favre and 
Silbermann, and of Professor Andrews, of this and other 
essential elements of the calculations in question, and besides 
these, more accurate knowledge of specific heats of all aub- 
staiicea, as may be gathered from the study of modern works 
on chemistry and physics ; or, for the present special question, 
in the works of Dr. Percy, Mr. Bell, M. Gruner, and Mr. 
Schinz. 

In 1863-64 the "Metallurgy of Iron and Steel" was pub- 
lished by Dr. Percy, and this was certainly an epoch in the 
literature of this important subject, not only in England, 
where it was the first work on metallurgy of any scientifie 
value ever published, but in Germany and in Trance, where 
the work was immcdiatel}' translated by eminently qualified 
metallurgists. The German translation by Dr. AVedding is 
still in progress. 

Dr. Perey says, p. 444, vol. ii. — "As far as I am able to 
judge, the importance, whether in a scientific or practical 
point of view, of the results of the analysis of the blast 
furnace gases has been somewhat over-estimated. Tempera- 
ture, carbonic oxide, and incandescent carbon, explain all the 
phenomena of the blast furnace," and Dr. Percy does perfectly 
explain them in the next subsequent pages of hia book, with 
just a little more preciseness than Lampadius did in 1838. 

quantity of caloric from the combustion of carbonic oxide is, without doubt, 
ftmek too high. If it were correct, then carbon in combining with thej^rsi 
atom of oxygen must develop much lets caloric than with the second, wliicli 
is extremely improbaile." But we know now that this is exactly what 
occura — so the exact science of to-day was a stumbling-block to the ablest 
men of science only twenty years ago. Let ns learn to 1: 
accepting even scientific authority as final, and very humble ii 
of scientific opinions. 
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The physical phenomena — the calorific phenomena of the 
blast furnace were not, as far as my knowledge of the subject 
goes, taken into serioua consideration till Mr. Schinz, of 
Strasburg, began his investigations about 1864. In 1868 the 
Dokumente bdreffend den Hohofen zur Darslellung von Roheisen 
was published,* and in this, for the first time, the advance- 
ment in calorimetric determinations of the heat absorbed or 
evolved in chemical combinations, which science had gained 
since the early experiments of Dulong, Despretz, and others, 
were applied to determine the principles on which the economy 
of the blast furnace depends. Schinz's work contains much 
useful information. Laborious calculations are unfortunately 
expended on questions of no practical inter^t, and some 
fundamental mistakes were made in this first attempt to 
construct a balance-sheet between caloric received and caloric 
expended altogether vitiating the results. The original, or, 
better, the translation, should nevertheless be in the hands of 
every student of the phenomena of the blast furnace, if only 
to show the difficulties and complications of the question, 
and bow even men of unquestionable scientific attainment 
may be misled by one false step in their reasoning into a 
maze of calculations based often on guess-work and having 
no practical use. 

Sohinz undertook a series of experiments on the conditions 
under which ores are reduced^ and the laws upon which this 
reduction is based, upon which he "spent years of labor in 

* A good translation of this work by W. H. Maw and M, Mullcr, under 
the title Reuarchea un tlte Action of the Blast Fariiaee, was published iu 
1870, 
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order to acquire this knowledge as exactly as possible."* 
These investigatione aspired to determine for the process of 
reduction, 

a. The influence of temperature. 

h. The influence of the quantity of gae passing in unit of 
time. 

e. The influence of the proportion of CO in the gases. 

(/. The influence of time of exposure to gases. 

e. The influence of the nature of the ores; and 

/. The conditions of carburation of the iron. 

Schinz after a time convinced himself that correct and 
useful results could only be attained if euch gases were 
experimented with as are really to be found in the blast 
furnace. 

These gases he prepared artificially, so far as the proportion 
of CO to nitrogen is concerned. 

The pyrometer used was a thermo-electric element, very 
specially arranged, and for which Schinz calculated tables of 
correction, but the relative thermometric determinations he 
considered as generally too high. 

Ten diflerent qualities of ores were experimented upon: 
Ecd Haematite — brown ores from Hayange — from Nassau — 
Spathic ores from Siegen — OoHthie ores from Namur — arti- 
ficial ores — viz., 100 oxide of iron, 100 carbonate of lime, 25 
carbon, and others as bases of pure oxide of iron. 

The experiments made with the " Reductometer" impressed 
him with the opinion that there is no justification for a dis- 
tinction between the zone of fusion and that of carburation; 

* Dokitmcnte, p. 57 ; translation, p. 8S. Op. at. p. 1 ; translation, p. li 



db,Googlc 



150 APPENDIX. 

for the carbunttion begins at a low temperature with tlio 
appearance of the first moleculea of metallic iron. This 
temperature he found by his pyrometer to be between 780" 
and 786° C. And further on in, his reasearehes Schinz 
writes — " It is therefore almost impossible that the iron can 
receive carbon from any other source than the carbonic oxide, 
or at other place than in the zone of reduction." 

The experiments showed that at 400° of the thermo-electric 
pyrometer no reduction takes place. Measured otherwise, Mr. 
L. Bell found that reduction is complete under this temperature 
{see postea, p. 152). 

a. We must cite an example of the influence of tempera- 
ture* on the rate of reduction of red iron ore from Dillen- 
liurg, sp. gr. 5'4 — 30 fi of oxygen combined. 

No, of EKpeviment. Hourly aljsorption of 0. Temperatures (by pyrom.) 

21 . . l-(j0 . . 421° 

22 . . 2-55 . . 546° to 621° 

23 . . 2-70 . . 823° to 861° 

24 . . 4-45 . . 884° 

b. The influence of quantity of gases passing in unit of 
time was proved to be such that, for instance, with a double 
flow of gas, the reduction was as 5-62 fc to 4-75 % of the total 
oxygen absorbed per hour, for temperatures varying from 
499° upwards in the one case to 720° upwards in the ease of 
the leas supply of gas.f 

c. The influence of the quantity of CO in the gases was 
found to be such that when 49-32 % CO was present, the 
reduction per hour was just twice as much as when the 

• Op. «"(. p. 77; trans, 113, 

t Consult Bell's work, sectioa iv. and sectioa xi. 
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contents were only 34-6o per cent, for the same temperature 
&nd same absolute quantity of gas. 

d. The influence of time was, aa might be expected, quite 
evident through all the experiments. 

e. The quality of the ore. The result of these experiments 
was that " the richest and most compact ores gave under all 
circumstances the most favorable coefficient of reduction, hut 
neither the specific gravity uor the contents of iron in the 
ores have any recognized proportion to the reduction, so that 
experiments for each ore would have to be made. 

/, The carburatiou of the iron. The experiments prove 
that carburation of the iron begins' with its reduction, that 
is, as soon as metallic iron appears. The observation that 
the carbon of the CO combines with the iron instead of reducing 
it is .proved by experiment 50; for instance, where an 
abundant carburation took place at 780° (by pyrometer), 
although not one-half of the iron was reduced from the 
peroxide. The greater the percentage of carbonic oxide in 
the gaaes tlie greater is the transfer of carbon to the iron 
when reduction of the irou is complete. Exp. 68, p. 77; 
trans, p. 111. 

Further, Schinz, after examining critically the analyses of 
the gases of the blast furnace which were made by Bunsen 
and Ebelmen in 1839-40, and pointing out their insufficient 
accuracy, put the question. What is the practical application of 
suck analyses? The answer given is almost the answer we 
give now, viz., that when we have an exact knowledge of the 
composition of the charges, it is possible to calculate from the 
analysis of the waste gases the amount of carbon which 
passes by direct reduction — reduction by solid carbon— into 
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the gases, and which was therefore not burned at the twyres 
by the air of the blast. 

This chapter is worthy of attentive study. Schinz con- 
cludes that the analysis of the waste gasea is, even to the 
practical metallurgist, a valuable means of ascertaining what 
takes place inside his furnace in reference to the consumption 
of fuel. 

The services of Schinz in enlarging and rectifying our 
notions of this important element of the theory of the biast 
furnace are not sufficiently recognized. 

In the calculation of the calorific effects produced in the 
blast furnace, M. Schinz started with a fundamental error 
in the calculation of the production of heat by combustion of 
carbon to CO^ and the reduction of CO^ to CO. This error 
having been pointed out to him by M. Liihrmann of Osna- 
bruck, it was corrected in 1871, in Douglers' Journal, vol. 
201, p. 231; but even there the correction is not perfectly 
satisfactory, as it imports into the subject the latent heat of 
gasification of carbon, about which nothing positive is known. 

"No injustice is therefore done in not entering on Schinz's 
results of calculation, which are further rendered useless by 
erroneous notions of the loss of caloric by radiation, etc., from 
the wails of the furnace. 

And now we come to the present state of the theory of the 
blast furnace — that which gave rise to Mr. Gruner's Studies, 
and the foregoing translation. 

Mr. Lowthian Bell, a hereditary iron-master, brought up 
from his youth in the midst of blast furnaces and great 
chemical works on the Tyne, and besides, having a thorough 
Ecicntifie education and a genial disposition to give freely ail 
information he possessed, and to take kindly all given him 
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by his neighbors and compeers in the trade, began in June, 
1869, to contribute a seriea of papers to various Societies on 
the Chemical and Physical Phenomena of the Blast Furnace, 
which may be truly said to bring the theory in every respect 
to the actual level of the sciences of chemistry and physics, 
and to point the way to practical improvements, or at all 
events to put a scientific test of their working in the hands 
of furnace managers,* 

Mr. Bell first examined the notion of "zones" of reaction 
in the furnace as used by Lampadius in his explanations of 
blast-furnace theory in 1838, afterwards adapted by Scheerer 
in 1853, and by Tunner later. He has constructed diagrams 
to scale of the results reported by these experimenters, as 
well as those obtained by Ebelmen in 1844 at Clerval with 
regard to reduction of the ores and the commencement of 
carburation. Practical men could thus for the first time see 
what the experiments had really ascertained, and that the 
lines of demarcation between the different "zones" were not 
meant as having any horizontal divisions or other very 
precise form. What Lampadius taught on this subject was 
that four or five changes took: place — pedetentim et graduatim — 
in the descent of the charges against the ascent of the counter 
current of gases, and that there were zones in which these 
changes began and ended. Mr. Bell points out, that, as in 
practice a uniform descent of the materials in a furnace is 
interfered with by the difference in size and specific gravity of 
the ironstone, lime, and coke — by the friction of the sides of 
the furnace, more especially on the boshes, and by the mode 

• Journal of tha Chemical Society, June, 1869 ; Beport of the British 
Auoeiation, etc., Exeter meeting, 1869 ; Tran>aetion» of tlis Iron and Steel 
Institute, 1809 ; Journal of the Iron and Steel Institute, 1870 to 1871. 
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of charging, whether central by a narrow tunnel-head, or 
all round as by a wide mouth — therefore the zones could not 
possibly have any shape such as given in Seheerer'a work, 
and since repeated in books by several continental scientific 
metallurgists.* But it is also pretty certain that zone is a 
figurative expression for a region of change of temperature, 
change of reaction, etc. 

However this may be, the examination of the notion of 
zones led Mr. Bell to make a seties of direct experiments on 
reduction of ores by the gases escaping from (he blast furnaces, 
and the true deduction from these experiments is that the 
reduction of calcined Cleveland and other ores, Fe*0', is 
begun and ended by these gases at a much lower temperature 
than had been supposed proved by the experiments of 
Scheerer, Tunner, and Ebelmen, of those found by Schinz ; 
for the temperature of the furnace gases, from Cleveland 
furnaces, of capacity varying from 6000 cubic feet to 26,000 
cubic feet capacity, was seldom above 336° C, melting point 
of lead, and never above 450° C, the melting point of zinc. 
■A certain size of the pieces of ore retards reduction, and even 
delays its commencement until sufficient heat is imparted, 
but the temperatures above given are, with time, sufficient to 
completely deoxidize ores of iron.f 

Of all the substances found in "pig-iron" — and Fresenius 

* Metallurgie, 1848 to 1853. 

f Tie beginning aad ending of tte process of reduction was as follows ; — 

By Scheerer . 400= C. 1000= to 1200O 

Tunner . 680° 1400= 

Ebelmen . Below red lieat. Incipient fusion of ore. 
See also, page 148, the expcriinenta of Bchinz. 
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made an analysis of a "Spiegel" iron of St. Louis near 
Marseilles, in which he found some twenty substances besides 
iron — and although no ease occurs in which some two or 
three impurities do not occur, no substance is really essential 
to its constitution except carbon. 

The circumstances which determine the union of this 
indispensahle element with the metal are of high interest to 
the smelter, because upon the quantity and condition in 
which the carbon is associated with the iron depends, it is 
considered, the different qualities of the article he is mana- 
facturing. 

The portion of the furnace in which the combustion takes 
place, the temperature necessary for effecting it, and the 
exact source of immediate supply, have engaged the atten- 
tion of all metallurgists who have studied the subject. 

Scheerer says that carburation takes place only after all 
traces of unreduced oxide have disappeared, and where the 
temperature ranges from 1000° to 1600° Centigrade. 

Tunner considered that his experiments proved that this 
combination takes place when the furnace has the tempera- 
ture at which cementation takes place in steel furnaces, taken 
at 1150° Centigrade. 

Mr, Bell, on the other hand, found that "an exposure of 
three hours to a temperature a little above the melting point 
of lead, and below that of zinc, sufficed to give a black 
deposit of carbon in a minute state of subdivision, so that he 
really believes it to be combined with the iron, or deposited 
by chemical action in such a form as to present great facili- 
ties for subsequent combination. It therefore seems probable 
that instead of the lowest and hottest portion of the furnace 
being the zone of carburation, this change occurs high up. 
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wliei-G the temperature is comparatively low,"* Foreign 
ores treated exactly as were the Cleveland ores in the gases 
of the furnaces, showed unmiatakable signs of this carbon 
impregnation. And moreover, the raw iron-stone gave rise 
to a blacker and larger deposit than the calcined. The 
deposit was 1-68 per cent of the iron in the ore in the 
calcined, and 4-63 per cent, on the raw ore, after each had 
been exposed twenty-four hours in the escaping gases. 

In September and October, 1869, Mr. Bell read papers 
"On the Development and Appropriation of Heat in Iron 
Blast !Purnace8 of different Dimensions," before the members 
of the Iron and Steel Institute. In this paper there are 
explained all the principal elements of the Calorific Phenomena 
of the blast furnace; and many of the remarkable results 
worked out during succeeding years are given in a prelimi- 
nary shape, sufficiently accurate to warrant the conclusion 
stated then, that a capacity of 11,000 to 12,000 cubic feet, 
and a height of 70 to 80 feet, is sufficient to realize all the 
economy it is possible to derive from this element of blast 
furnace engineering in Cleveland circumstances. 

This paper was an appropriate introduction to the remark- 
able series of investigations presented to the Iron and Steel 
Institute at short intervals from 1870 to 1872, forming "an 
experimental and practical examination of the circumstances 
which determine the capacity of the blast furnace, the 
temperature of the blast, and the proper condition of the 
material to be operated upon." 

■* Mr. Bell found charcoal just as suitable for carburizing iron as pre- 
cipitated carbon, bnt considers the latter the mo»l probable lottrce of the 
carbon of combination ivith the Iron on account of the intimate mechanical 
mixture with tlie iron for its precipitaUon. 
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In the course of these researches, Mr. Bel! completely filled 
up the details of what he had sketched out in reference to 
the chemical and physical theory of the blast furnace in 1869. 
If he has not exhausted the subject, he has at least left no 
point of the theory unexamined by all the light and methods 
of investigation of modern chemistry and physics. It only 
requires an examination of the headings of the forty-five 
sections of Mr. Bell's work to perceive how the minutest 
point has a section dedicated to it as conscientiously as is 
done for the most essential. 

But the investigations which were made on the presence 
of alkaline cyanides in the blast furnace, in section xxvi., 
and on the part they play in the processes going on in the 
furnace, are so very important and interesting that I must 
attempt to give a summary of them. 

Messrs. Bunsen and Playfair, in their " Report on the 
Gases evolved from Iron i'urnacea, with reference to the 
theory of the Smelting of Iron" — made to the British Asso- 
ciation at Cambridge in 1845 — called attention to the fact 
that the gases from tlie lower part of the furnace, immediately 
over the point of entrance of the blast, contain cyanogen, 
which again disappears a short way above that point — so 
that at the top of the boshes* only traces of it are observed. 
And they remark, "The compound of this substance with 
potassium apj)ears to play a most important part in the 
furtiace, although its functions have apparently been alto- 
gether overlooked." Their detailed experiments led thera to 
the conclusion that this cyanide of potassium owes its forma- 



• Tlie Alfreton furnace was 40'5 feet high, and II feet diameter a 
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tion to a direct union of carbon with potassium and nitrogen 
of the air. 

Mesare. Bunsen and Playfair estimated — all corrections 
made — that in every cubic metre of gas at 2'75 feet above 
the twyres there was to be found 8 to 10 grammes of cyanide 
of potassium. 

Their experiments further showed that the cyanide of 
potassium is volatile at high temperatures. Thus, carried up 
by the ascending currents, it exerts its well-known reducing 
power — is thus decomposed into nitrogen, carbonic acid, and 
carbonate of potash — the gases passing off by the top, the 
potash failing back to the region where it ia again converted 
into cyanide of potassium, under the influence of the carbon 
and nitrogen. "Hence a large quantity of ore may in this 
way be reduced in the lower part of the furnace by a compara- 
tively small quantity of regenerated cyanide of potassium." 

Dr. Percy,* in examining the figures given by Bunsen and 
Playfair, concludes, " that, unless the oxidation and regenera- 
tion of the cyanide of potassium takes place with a degree of 
rapidity hardly admissible, its service as a reducing agent 
must bo so inappreciable that it may well have been ' pre- 
viously entirely neglected.' "f 

The phenomenon of a decrease of oxygen, as the gases leave 
the twyres, when compared with the atmospheric nitrogen, 
had been observed and an explanation proposed by Ebelmen. 
Dr. Perey^ says, " such a decrease implies an abstraction of 
oxygen from the gaseous current, and its fixation in a solid 
state of combination, or an evolution of nitrogen in sensible 

* Op. cit., vol. ii. p. 451. t Rep. B. A. 184n, p. 188. 

X Vol. ii. pp. 444, 445. 
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quantity from the solid contents of the furnace ; but I cannot 
understand how either of these results should occur:" and 
further on he writes, "I have failed to elicit from these 
analyses of gases any satisfactory general expressions such as 
might reasonably have been expected. I must, therefore, 
leave the reader to examine each 'table' for himself, and 
draw his own inferences therefrom." 

Bnt, as Mr. Bell observes, Dr. Percy makes no allusion to 
the alteration in the quantity of carbon, gauged by the same 
standard, Mr, Bel! therefore selected four of the examples 
in the " tables," and these show incontestably that as a certain 
volume of gas ascends, it loses oxygen, but in addition to 
this, they prove that there is a simultaneous disappearance 
of carbon. 

Mr. Bell gives the following statement of the loss of 
oxygen and carbon in the gases at 11| feet above the twyres 
of an 80-feet "Wear furnace: — 



Kxaraplel . 


Osygen. 

2-83 c»-t8. 
. 3-19 " 


Carbon. 
1-37 «vv 
1-80 •' 


3 . 


2-43 '• 


l-6o " 


4 . 


2'51 " 


I'Sn " 



Average 2'74 ewts. 1'62 ewt. 

The undoubted disappearance of carbon from the gases of 
the furnace as they leave the hearth leads necessarily to 
inquire whether it may not throw some light on the simulta- 
neous diminution in the quantity of oxygen. 

"The form of combination into which the missing carbon 
has entered, I venture to suggest, is chiefly cyanogen, and 
possibly to some extent carbonic acid, both united with the 
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alkaline metals, which I have shown abound in the lower 
region of the blast furnace." Mr. Bell then shows that there 
is much probability that the 1*62 cwt. of carbon, above 
ascertained as an average, assumea the form of 3-51 cwta, of 
cyanogen per ion of iron yielded. This aasumes that about 40 
grammes of cyanogen are present in the cubic metre of gases, 
(Dr. Percy's calculations were founded upon an analysis of 
Bunsen and Playfair giving only 4 grammes.) Admitting 
the probability that the carbon has assumed the form of 
cyanogen, it remains to consider in what way this action haa 
led to a atill more marked change in the quantity of oxygen, 
viz., 2-74 cwts. But even Mr. Bel! fails to draw up any 
general theory which will fit every change which makes 
itself apparent in a blast furnace. These changes are well 
known to every intelligent manager to be numerous and 
sudden, and frequently take place without any apparent 
cause. The sum of all the evidence goes to show, that the 
quantity of cyanogen would account for the largest weight of 
carbon in excess which appeared at the twyres; and the 
presence of so large a quantity of cyanogen and alkaline 
gases appears to justify Mr. Bell's conclusion, "that it is to 
these substances that the apparent excess of carbon and oxy- 
gen in the lower region of the furnace has to be attributed." 

Many other modes of reaction besides the direct union of 
and N, in the presence of K and N, might be suggested as 
accounting for the disappearance of C and from the gases, 
and Mr. Bell has illustrated this, p. 254 to 256, and we shall 
not enter upon the subject. 

It is of great interest to record here Mr, Bell's own sum- 
mary of what he " conceives to be the action proper of (he blast 
furnace, z. e., supposing no alkaline substance to be present. 
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This, no doubt, is a condition of things not to be found in 
practice, but experiment would indicate {vide section xxvi.) 
that the alkalies, along with their associated cyanogen, are 
not indispensable for the reduction and carburization of iron. 
This imaginary process wonld consist in the volatile con- 
stituents of the roasted ore, viz., its oxygen, being expelled 
probably before it has passed the first 10 or 12 feet of the 
furnace. This ia inferred because already, at a depth of 16^ 
feet, there are only 2-06 cwts. of oxygen due to the minerals 
present in the gases, and of this 1-03, or something like it, 
has been contributed, not by Fe'OS but by P'O, SO*, SiO^ 
and OaO. The remainder, 1-03 cwts., along with a certain 
quantity of carbon, 0-34 cwt., is probably due to the carbonic 
acid of the flux, seeing that it requires a higher temperature 
to split up CaCO' than to reduce an oxide of iron. From 
the point B in the furnace {vide diagram, examp/e of original 
1) the oxygen in the gases remains almost stationary until 
we approach the twyres, where the small quantity of 
absorbed by the iron in the diasoeiation of CO, and that 
combined with the P, S, Si, and Oa, found in the iron and 
slag, alone ought to appear. Here also the quantity of 
carbon in the gasea ought to be that furnished by tlie coke, 
leas the portion which may have been carried off by the 
reduction of 00^ to CO in the manner already described." 

"Simultaneously with the process of reduction is the 
deposition of carbon by the splitting up of, CO into C and CO^, 
and that this takes place very soon after the immersion of 
the ironstone among the gases, seems to admit of no doubt. 
This operation of carbon-impregnation will continue until 
the iron or its lower oxide is sufficiently heated to suspend 
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further action, in the manner already fully explained in the 
sections upon the dissociation of CO." 

"Ko doubt, even in this supposititious case of the absence 
of the alkalies K^O and !N'a^O, there would ensue irregulari- 
ties in the composition of the gaees at the same position in 
the furnace, which might result from a retarded or accelerated 
rate of reduction, from the nature of the ore itself, or from 
some of those mechanical causes which have been spoken of. 
Substantially, however, I apprehend there would not he 
found any of those discrepancies, to explain which I have 
bestowed some pains, and which, in my judgment, are to bo 
entirely attributed to the presence of the alkalies, potash and 
soda, and the consequent generation of cyanogen." 

"If I am correct in this supposition, and if the experi- 
mental proof of the great fluctuations in the quantities of 
these substances is to be relied upon, it is not difficult to 
comprehend that there must necessarily be corresponding 
irregularities in the character of the products in different 
parts of the farnaco," 

Such is the explanation of the action proper of the blast 
furnace in 1873. The generation that has lived since Lam- 
padiuB taught has seen such precision given to the expression 
of the chemical phenomena going on in this vast apparatus as 
takes it out of the domain of empiricism, and puts it into 
that of exact science. 

But it was not till 1870 that the phenomenon of dissociation 
of carbonic oxide — the splitting up of CO, so that 2 CO is 
transformed into CO* + C — was discovered, and that all the 
conditions of this phenomenon were examined experimentally 
and described. Though Mi-. Sehinz had observed the deposit 
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of carbon, and had applied the facta to explain carburation, 
he gave no explanation of its origin. 

Prom Mr. Bell's experiments it seems highly probable that 
carbon impregnation, aa he terms the action, by the splitting 
up or dissociation of CO, takes place at nearly as low a 
temperature as desoxidation, which, in the case of Cleveland 
calcined ore is began at 200° to 210° C. (section xi. p. 46). 
And aa the extent of reduction in different ores is affected 
apparently by their molecular condition (section iv. pp. 17-19), 
when submitted under perfectly similar circumstances to the 
action of CO; so the same irregularity in the extent to which 
carbon impregnation takes place has been observed for different 
orea. Generally speaking, tlio more readily an ore or oxide 
of iron loses its oxygen, the more capable it is of dissociating 
carbon from CO, 

Very small differences of temperature greatly affect the 
quantity of carbon yielded by the CO. 

In experiment 211 (p. 48), 100 Fe in calcined Cleveland 
ore, at a temperature not visibly red, the carbon deposited in 
4J hours was 64-0 C. Using the same ore the following 
figures were obtained : — 

Carbon depoaitcd. 
Exp. 228. Temperature for 11 houra red and 10 

hours bright red — in all 21 hours . 2-3 % of Pe. 

" 229. Temperature very bright red for 6| 

hours 0-3 " " 

Practically it may be assumed that the phenomenon of 
carbon impregnation diminishes very rapidly as soon as a red 
heat is reached. The temperature most favorable for its pro- 
duction is between 400° C. and 450° C. But if the ores with 
carbon deposited at this temperature be only partially reduced, 
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and exposed to a bright red heat, the carbon will be consumed 
to the extent at least of the supply of oxygen in the unreduced 
portion of the ore. It remaioa therefore a question whether 
all the carbon necessary to constitute the various qualities of 
pig-iron is the result of carbon impregnation accompanying 
the process of reduction in the upper portion of the furnace, 
or whether a portion is derived from the incandescent carbon, 
of the hearth. 

The only other point on which it seems useful for me here 
to attempt to give the results of Mr, Bell's investigations, is 
that of the behavior of limestone in the blast furnace — its use 
as ajlux, and its use for removing sulphur in Cleveland ores. 
On this latter point it has been proved that these ores may be 
used without lime, but then the "pig" contained much more 
sulphur than when lime was used, viz., 0'33 %, and the 
quality in point of strength suffered considerable deterioration. 

But the most interesting question in reference to the lime- 
stone is, "What becomes of the carbonic acid united to the 
lime? The nse of CaO CO^, as a flux, is the usual means by 
which CO finds its way into the blast furnace. The CO* 
which we find in the gases owes its origin, be it repeated, to 
the expulsion of that contained in the limestone, to the 
desoxidation of the ore, and to carbon deposition by the 
reaction so fully described. Mr. Bell concludes, from experi- 
ments directed to this point in section xxi., that as carbonic 
acid in an atmosphere of CO^ is only sparingly given ofi" at a 
full red heat, and CO^ commences to undergo decomposition 
at 400° to 500° C, all the CO' entering the furnace combined 
with CaO, leaves it as CO, and adds, "this view of what 
really takes place in the furnaces in the Cleveland district is 
further confirmed by the fact that the CO^ in the gases never 
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exfjeeda that due to reduction of Fe=0, and to the dissociation 
of that portion of CO which furnishes the carbon found in 
the pig-iron." In oppoaition to this conclusion the note at 
foot of p. 65 of M. Gruner's "Studies" must be referred to, 
where it is proved that in the special example of a Clarence 
furnace the 0'" -058 of carbon absorbed to transform CO into 
CO is less than the 0'" -082 of carbon in the limestone. The 
experiments are very difficult to make with such precision 
"that well-defined condusiojis can be drawn (see Bell, section 
xxi, p. 110, note). 

The application of the phenomenon of dissociation and of 
the decomposition of the CO" in the limestone takes place in 
estimating the quantity of caloric required in the process of iron- 
smelting. Mr. Bell's services in this part of the theorj' of the 
blast furnace are unique. His papers on the subject have 
been translated into German by P. Tunner, into Swedish by 
Rinman, and the work of M. Qruner testifies to the interest 
it has excited in ^France. Bell's experiments, showing the 
reactions that take place between the oxides of iron and iron 
itself, and the CO and CO* of the gases of the furnace, 
demonstrate the fallacy of calculating the calorific efficiency 
of the fuel in a blast furnace upon the supposition that it 
can all be resolved into CO^, as was done before the Institu- 
tion of Mechanical Engineers in November, 1868, and after- 
wards in January, 1869. They prove that we must content 
oui-selves with ascertaining to what extent the carbon applied 
in a furnace can be made to assume its highest state of 
oxidation, for which it produces 3'28 times as much caloric 
as when it takes only the lower state — that is, Mr. Bell first 

CO 
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is the index of the calorific efficiency of the furnace. After 
the complete manner in which this proposition has been 
demonstrated in M. Gruner's text, it is quite unnecessary to 
refer to it further. This point is no longer questioned, 
although it is often overlooked by persons taking part in 
" discussions" of papers on the limit of the economy of fuel 
in blast furnaces. There is in fact only one rational way of 
estimating the quantity of heat required in the process of 
iron-smelting. There are questions open as to the values to 
be given to certain factors, to certain experimental data, but 
there should be no question as to the principle of calculation 
which is alone available. There should be no question now 
as to the principle of calculation of the heat received and 
developed in a furnace, nor of the heat absorbed in the chemical 
action and in fusion, and carried off by radiation and reaction 
from the walls and foundations of the furnace, in the twyre 
water, and in the sensible heat of the escaping gases. 

Some years ago calculations were put forward for deter- 
mining the consumption of fuel by another raetiiod. 

Various assumptions were made, for instance that it is 
impossible to have a greater proportion of CO to CO in the 
gases of a blast furnace than ^ CO* to J CO, when the CO^ of 
the limestone is eliminated — i.e. an assumption at variance 
with almost all experience of furaaces of fair proportions and 
in good working order — as, for example, the six furnaces 
examined in this hook, in which the proportions {after 
elimination of CO^ of limestone) are 

4 2-73 S-55 3-4 2-19 '^"^ 2-9 
respectively. The proportions of limestone (carbonate of 
lime) for these examples being in cvvts. to the ton of iron, 
16 13-5 12-5 8 8 18 
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whilst the proportions in the calculations in question were 
taken at 8 to 10 ewts. 

But the assumption that the CO" of the limestone passes 
off entirely as such in the gases is gratuitous. It is still an 
open question. 

It is assumed further, that it is by the calorie due to this 

composition of the gases -^ = —- (calculated at 6000° Fahren- 
heit units), that all the calorific effects in the furnace are 
produced, viz., the fusion of the iron and the slags, and also 
the chemical effects of reduction — which assumptions are 
erroneous: for the composition of the gases is an eifeet of 
reduction, and not a cause. The reasoning in the context, 
moreover, is, thai the fixed oxygen in the ore has to be made to 
enter into comiination with the fixed carbon in the coke, and that 
therefore, because it has been found "practically" that when 
a mixture of ore and carbon is exposed in a close retort to 
the heat of the furnace, it is necessary to supply a large 
amount of heat in order to bring about a combination of the 
elements — which is no doubt true — it is calculated that for 
the reduction of the peroxide of iron, there is an excess 
of heat absorbed requiring as much as 3-19 cwta. of carbon to 
compensate it. This is a conclusion at variance with the 
direct experiments quoted in detail, p. 49, showing that 
there is very nearly a balance between the heat developed 
by burning CO to CO' in the process of reduction, and the 
heat absorbed in effecting the reduction, that is, in effecting 
the disengagement of the oxygen from the iron in the ores. 

Then again the specific heat of iron is taken as 0-12, water 
being 1. This is the specific heat of bar iron at temperatures 
of about 250° C. For such " temperature" as ia assumed for 
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the fusion of the iron (viz. 2223° C. or 4000° F.), the specific 
heat of pig-iron ie quite problematical. If such a degree of 
temperature as 2200° C, exists in the hearth, the specific 
heat of the molten iron would be 0-22 {see Table 6, Note 
VI., Appendix). And further, the specific heat of slags is 
taken as 0-20, but the specific heat at the temperature 
assumed in the calculations in question, 4000° F. = 2223 C, 
would be 0-40, according to the experiments and calculations 
of M. Schinz. 

Thus, admitting the principle of the calculation as to 
caloric required for fusion of iron and slags, the factors used 
are so arbitrarily chosen, that the results have no aceoMance 
■with direct experiment, no scientific accuracy, no practical 
value. That a result something near what might be expected 
is filially obtained, is only an illustration of Mr. Canning's 
eareastic remark, "that anything can be proved by figures," 

This too is the place to notice some criticisms of Mr. Bell's 
conclusions as to the use and abuse of a superheated blast. 

On the theoretical opposition to Mr. Bell's conclusions, 
nothing need be said. However, a paper entitled " Further 
Results from the use of Hot Blast Firebrick Stoves" contains 
two tables of the working of two Oonsett furnaces examined 
by Mr. Bell, from which tables of results conclusions are 
drawn, which an examination of them without preconceived 
notions does not justify. 

At the bottom of one table QSo. IV, Furnace) is written: 

Decrease of t«mi>erature, 30CP. Increase of coke per ton, 213 lbs. 

and at the bottom of the other (No. V. Furnace): 

Mean decrease of temperature, 30(P. Moan increase of coke per Ion, 169 lbs. 

Now, taking the period of working at the blast temperatures of 
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1400° F. = 763° C, the mean consumption of cokoia 17 3 6 
1200°F.= 650° 0., the consumption . . 18 119 



Therefore the increased consumption for loss of 200° 2 15 
or 71 lbs. — exactly ^ of the estimate stated. 

Again, the difference of consumption of eolie when work- 
ing at l-iOO" F. varies, so that the greatest ditferenee is 123 
lbs., or nearly double the difference for 3.fall of 200° F. The 
difference between the greatest consumption at 1400° and tiie 
consumption at 1200° is only 67 lbs. 

The difference when the furnace is working with blast at 
1200°, and at 1190°, or a fall of 10°, is 194 lbs. coke, or 2-7 
times as great as for a fall of 200°. 

For the same temperature of blast, viz., 1148° at two 
periods, the difference was 82 lbs. of ooke, or more than for 
the fall from 1400° to 1200°. 

For No. V. Furnace the facts are: 

For the furnace working at blast temperatures of 1450° F. 
= 788 C, the difference at one iieriod and another is 90 Iba. 

Working at 1260° F., or a fall of 190° F., the difference is 
128 lbs. (in favor of hot blast). 

Again, the mean consumption at 1450° =19 3 25 
1250 =21 1 21 

1 2 24 = 192 lbs. 
Thus in the one furnace a fall of 10° increases the consump- 
tion by 194 lbs., and in the other a fall of 200° increases it 
by 192 lbs. 

If we take into consideration the very great variations in 
weight of blast at the time one "consumption" was taken and 
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that at the other, the difference of yield from one period to 
the other, and from one furnace to the other, the conclusion 
drawn from these extracts from the books of the Consett 
Company as to the greater economy of a blast at 760° C. and 
the one at 650° C. cannot be accepted as proving that there 
is any necesaary connection between the difference of con- 
sumption of coke, and it is only by selecting results that the 
difference of 2 Cent, increases for the decrease of temperature 
of 200° F. = 160 C. can be made out for particular weeks of 
working. 

Upon the value of such deductions from " facts" as this 
paper contains, the following quotation from section xxxii. 
of Mr. Bell's work gives a practical iron-master's estimate: 
"There is nothing easier than to persuade ourselves that this 
or the other furnace is doing better or worse than some other 
■with which it is compared, or in comparing the same furnace 
at different periods. In such an inquiry it is absolutely 
indispensable that all disturbing causes should be eliminated, 
and every instance brought down to one common level in 
respect to the coke, ironstone, and limestone consumed, 
temperature of the blast, and every other circumstance 
connected with its working." 

The opinion to which all the evidence of fact and calcula- 
tion leads appears to rae to be, that it is more economical to 
get the necessary caloric by a good design of the furnace than 
by a superheated blast. 

Reverting further to Mr. Bell's work, it is of some import- 
ance to state here the values of th.Qfadors of calorific effects, 
used by Mr. Bell and M. Gruner respectively, in the calcula- 
tion of the calorie necessary for, or absorbed in, the produc- 
tion of iron ; and to make the subject more distinct, the 
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weight of materials per ton of iron yielded, of 3Ir. Bell's 
example, Section xli.,p. 374, are used. 





Mr.B.,r, 


M. GruDer's 




F..„„, 


«a.h.,. 


1665 
!70 
830 
7T0 
303 
85 
73 
206 

870 
185 


r.«o». 


C»,or,«,. 


Eeductionof Fc»0=of iron . . 
Eeduc. of P!©', 80' and SiO' . 

Fusion of Pig Iron 

Fusion of Slags 

Decomp. of H^O in Blast per lb. 
Carbon Impregnation .... 
Decomp, of CO' in Limestone . 
Transmission through walls of 
furnace, Iwyre, water, etc. . 
Expansion of Blast 


1780 
170 
330 
.-.SO 
370 
3400 
3400 
3200 

270 
185 


0-93 

i"'6o 

1-396 
O'SS 
0'0035 
003 

O'ose 


1887 
210 
330 
550 

3735 




370 



1750 
210 
330 
770 
203 
80 



370 





3955 


3613 



Thus, there are three sources of absorption which together 
involve 463 calories per lb. of iron produced, which Mr. Bell 
deems it necessary to take into calculation, and which M. 
Gruner does not. The question of the decomposition of CO^ 
in limestone has been referred to above. The "Expansion of 
the Blast" introduces an element of guess-work for which 
it is difBcult to find a reason. Upon the final balance of 
accounts Mr. Bell has 337 calories more than M. Gruner for 
this special case — a difference of 8*5 % . 

On the other hand, for the caioric evolved on the supposi- 



, 00= 



Bell on the principle of calculation for every element hut 
one, viz., the effect of the 00^ of the limestone. 
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Mr. Bell reckons JI. Gruner reckons 

C in CO of Gasea . . 13'23 C in CO of Gases . . 13-23 13-33 
Leaa that in Limestone 1'33 

11-90 C in C02 of Gaaes . . 658 

C in CO' of Gasea .... 6-58 Leaa that in Limestone 1 33 5-30 

Total C in Gases . . 18-48 Total IS 48 

And reducing both to one unit we have 

CinCO 0-505 X3'('!'3 = 14I15 0-fiCl x24'?3 = IG35 

C in CO' 0-339 X 8080 = 3660 0-363 X 8080 = 3135 

4135 3770 

Thus, M, Gruner's estimate of the heat evolved is 8 % less 
than Mr. Belt's, arising from difference of appreciation of the 
function of the CO* of the limestone in the blast furnace. 

As to the sensible heat carried off in the gases, the 
estimates would be the same, viz., 430 of the lb. units. 

As to the calorie carried in by the blast, or rather as to 
the balance of calories for heating the blast, the calculations 
give 253 calories in the one and 278 in the other, or the 
temperature of blast would have to be 220° in the one case 
and 240° in the other. 

But the true principles of calorific determinations are so 
exhaustively displayed in M, Gruner's Studies, that I must 
refer those who desire to familiarize themselves with these 
principles and their applications to that source of informa- 
tion, and especially to sections 4 and 16 to 21. 

Before concluding this note, however, let us examine one 
case to illustrate the necessity of attending to ail the "vital 
statistics" of furnaces before drawing any conclusions as to 
their technical econoniy. 
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Let U9 take for example Clarence furnace 1866 and Consett 
K o. 4. 

Analysis of Technical Economy, etc. 

M ^ 



«„... 


Consett 

... 


....... 


80 55 


1 to 1-45 


It 500 10300 


1 to 1-115 


2 '440 3-088 


Iron 41 % to 


0'6e3 ;0'406 


48 ?6 


0'088 O'O70 


1-28 to 1* 






88-6 


m 


1-55 to 1 


800 


171 


1-75 to 1 


5-193 


;i-7.i 




6-1)33 


5-161 




1-115 '0-900 




990 0'789 


1-26 to 1» 


0-930 0-S75 


1-87 to It 


48rp 


718^ 




603 


643 


1 to 1-07+ 


3330 


248" 




545 


303 


1-80 to 1 


0-058 


0-118 


1 to 1-95 



Height in feet . . . . 
Capacity in cubic feet . . 
Ore per ton Iron yielded . 
Limeatone do. 
Ash in Coke 



Total raw material to smelt 

Pig-iron yielded in 24 li. . 

CubKfeet capacity per loa 

Weight of Blast, tons . . 

Weight of Gases . . . 
Total Coke, tons . 
Total Carbon . , 

Carbon bnmed at Twyres 

Temperature of Blast . . 

Caloric carried in by Blast, cals. 

Temperature of Gaaea . . . 

Caloric carried off by Gaaea, cals. 

Carbon burned in Zone of Re- 
duction . . . 



f ThBcalo 

J off ifl KB 



This table shows that in a technical point of view there ia 
no practical difl'ereiiee in the economy of working in the two 
furnaces. The greater yield of the Consett furnace is another 
question. The rate of driving, calculated by the capacity of fur- 
nace per ton of yield, is as 1'75 for Consett against 1 at Clarence. 
"Why one furnace can be driven faster than another is as yet 
unexplained. At Cleveland the pressure of the blast was 
2-75 lbs. as at Consett, but the area of the twyrea at Consett 
was 80 square inches, while at Clarence it was 50. 80 is to 
50 as 1-60 to 1, but it would require 80 to 46, to give the 
ratio of faster driving, viz., 1-75 to 1. This is a subject well 
worthy the attention of iron-masters and their managers. 

It will not be without interrat to mention here, in reference 



dbyGoogIc 



174 



APPENDIX. 



to the economy of fuel in blast furnaces, that the recorded 
consumption of coal per ton of forge iron produced has been, 
at the Dowlais Ironworks, as given on the authority of the 
late Mr. Truran by Dr. Percy, and as given by Mr. Menelaua, 
the present manager of these vast works, as follows; — 





,.,»,. 


i&ii. 


,.«. 


In Furnace , . 
For Engine . . 
Calcining. . . 


e tons. 6 cwt. qrs, 
1 15 
8 


a 10 

10 
6 


I 8 

r, 


Total Coal . . 
or of Coke . . 
or of Carbon . 


9 7 

6 r, 

5 10 


3 B 
3 4 
1 19 


1 13 
1 3 
19 1 12 lbs. 



i.'i-78cwt.witli48;%oi 



Or in three successive generations 
Again, let us call to mind that 

Carl 
Consett No. 4 furnace works with . 

Clarence 19-8 40 " 

Pousin (capacity 4080 ft.) . . . 194 41 " 

Consett No. 5 20-0 48 " 

Osnabrack(Georg-Marienli«tte)(C=8040)35'5 34 " 

These are a few illustrations to prove that the minimum 
quantity of fuel required can only be determined approxi- 
mately for each particular case, of which all (he vital statistics 
are knovm. Capacity, height, temperature of blast, are all sub- 
ordinate to design of furnace, quality of material, and skilMn 
management. 

The history of the hot blast — the different apparatus for 
applying it — its effects on the progress of iron manufacture — 
and its theory, I feel reluctantly obliged to reserve for further 
consideration. 
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I^OTE VI. — TJSBFDL TABLES AKD MEMORANDA FOR CALCULATIONS 

OF Blast Furnace Phenomena, 





1. Chemical Equivalents 


,etc. 










s . 


3 


i 


^ 


t_^ 








M 


|a 


ll 




SnbilsDces. 


|l 


1* 


.|ei 


It 


si 






S." 
















" 


" 


£ 


1 


Br Volnma. 


By W«ghl, 


Carbon . . . 


c 


6 


13 




~ 


AirO+N. 


0+N 









16 


i-'io8 












Nitrogen . . . 


N" 


14 


14 






30-96 


79-34 


-S3-31 


76-68 


PhosphOFQS . , 


P 


31 


31 




I'-'rr 












Si 


14 


31 






round 








Hydrogen . . 


H 




3 


0'0694 


". 


11 um- 








Sulphur . . . 


8 


r:3 


33 


3-316* 


3 -03 


bera 








Calcium . . . 


Ca 


20 


40 




1-58 


21 


79 




77 


Aluminium , . 


Al 


18'7 


275 




3-67 










Iron .... 
Carbonic Oxide 
" Acid . 
Water. . . . 
Silica .... 
PliosphoricAcid 


Fe or Pe' 
CO 
CW 
HOorH'O 
SiO' 
p. OS 


14 

9 
30 
102 


56 
38 
44 
18 
87 
143 


0'969 
1-534 


7-79 

I'-OO 
3-65 


Weigbt of cubic metre of 
air, 1-300 kilo. 

Weight of cubic foot = 
J)-06985 lb. . ■. 1 lb =^14=SSl 
cubic feet of dry air. 

Air in winter containB 
about -0000343 lbs. per 
cubic foot, or. 000495 ll>s. 
per lb. of dry air. 


Alumina . . . 
Calcia or Lime . 
Limestone (pure) 


Al'O' 
CaO 

CaO CO' 


79 
48 
70 


103 
56 
100 




s'oo 

2-73 


• OS tiapor. 










„ 





43-86 
57-14 



Carbon Vapor 
Oxygen Gas 



; or 14 100-00 Carbonic Oxide 

!. Carbonic oxide=C0^14 



0-83933 
1-10563 



37-37 Carbon Vapor (T) 1 0-83933 
72-73 Oxygen Gas 3 2-31136 



44 or 23 100-00 
[1 Equivalent CO' = 33.] 



8 04048 Regnault, 
1-53034 1-53910 
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For Iron Ores. 



Tlie natural combinations of iron ■witli oxygen are, 

1. Suboxide of iron and Pe i 

{O4witli70-4fSiron. 
peroxide Fe* ' 

2. Oxide of iron or peroxide Fe'H'O'witli 70^ iron. 

3. Hydrated oxide of iron I 0' with M % iron, 

4. Carbonate of protoxide Fe 00^ witli 483 % iron. 

2. Caloric. — Determination of Caloric of Combustion. 

Carbon. 

1 lb. CO to CO'=2403 calories by experiment. 

lib. C to 00!^= 8080 do. do. 

1 lb. carljongiTes | lbs. 00. 

.-. J CO burned gives i x 2408 = 5607. 

Hence, for Ite combustion of 1 lb. C to CO we have 

8080—5607=2473 calories by calculation. 

Ikon. 

lib. iron burned to Fe'O' {magnetic oxide) giTe3l648,T) along. •.Fe«0'=1854 
" " " 1575,Pouillet,.-. " =1775 

" " '■ 1582, Andrews, " =1780 

" to Fe (protoside)=1352 Farre and Silbermann, " =3028 

7437 
The mean of wbich experiments and calculation . . . ^=1859 
Number adopted by M. Gruner is 1887 
Mr. Bell, 1T80 

THGBMOHBTEBe, 

9° Palirenlieit = 5° Centigrade = 4° Reaumur. 
Temperature Falirenheit = -- Temp. Cent. + 32 

" " =-?- Beau. + 33 

Temperature Centigrade = A (Temp. Falir.— 33) = A Temp. Beau. 
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QtJAKTITIES OF HbAT 

are expreeaed ia onila of weiglits of water heated one degree, or in pounds 
of water heated one degree of Fahrenheit (the British nnit); or in Itilo- 
grammea of water, one degree of Centigrade (the French unit); or, as in 
this translation, in pounds of water rwsed one degree Centigrade, 

One Centigrade unit of heat equals 1*8 Falirenheit units for same unit of 
■weiglit of -water. 

Thbhmometbto Pyrometer Scales. 

Supposing we have determined the ¥reezing Point and Boiling Point of 
thermometers or pyrometers of iron, glass, copper, and platijia, tlieso 
thermometers show at SOCP, by the air tJiermometer or true temperature, as 
follows : — 



How vague, therefore, must be thormomotric units as determined for higher 
temperatures still ! 

li. Melting Points, Latent Heat, etc. 
1. ExrEEiMEBTB Off Person. 







Bpenlfi 


H.»t. 






Desress, C. 


Solid. 


FluH, 




Tin 

Bismuth .... 

Lead 

Zinc 


336 '3 
415'0 


0-0563 
0-0808 
0'0314 
0'0955 


0-0S37 
0a63 
0-0403 


14-35 
13-64 
5-37 
38-13 





Po„iU.t. 


P,..t„.. 


B,..Fa,n«c.SUg.. 


English Hammered . . 


1000° c. 

1500 

1400 

1300 

1200 

1050 


1530 C. 


Planner. 


Soft, French .... 

Steel, hest 

Steel 

Gray Pig-iron .... 
White Pig-iron . . . 


orr^=.l^oD „ 


Melting polnl of 


18760 0. 


14450 C. 
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Mitseherlich ( CTtemie, vol. i. p. 289) reckons the melting point o{platimim 
at 'under ISSfPC; and if this be a true deduction, tlien certainly tlie melting 
points of gold, silver, iron, etc, as above given, arc too higli. There is no 
certainly m fhene melting points being exact. 



4. iSpecific Heats of Gases, 'Water = 





Equal 
WeigliW. 


Bqa&l 
Voluiaee, 




Almospheric Air . 
Osygen .... 
Hydrogen . . . 
Nitrogen . . . 
Cartionic Oxide . 
Carbonic Acid . 




0-23T7 
0'2183 
0-4046 
0S440 
0-24T9 
0-3104 
0-4750 


0-2377 
0-3413 
0-2356 
0-3870 
0-3899 
0-3808 
0-2950 


n«arl; Ibe ume ehut it >«epiB higlily 
apeoiflc heal of bouoJ uoitiwteg is lie 
J same.— Xeana"". 









5. Specific Heats of Solids. 
The speciflc beat of bodies varies wilb Uie specific gravity. Thus — 
Eegnault found Charcoal . . . 0-34ig 
Coal .... 0-3009 
Diamond . . . 0-1409 
Diilong and Petit found Ihat tlie speciflc beat varies with the temperature. 





UeiL 


Spe 


16. H».. 




Between O^a.d 100= 


Belw=.n.= .M^O=. 


Iron- (rod) 

Zinc 


0-1098 

0-0557 
0-03S5 
0-177 


0-1218 
0-1015 
OOSll 


Platinum 


0-0355 
0-190 







Tie specific heat varies from the solid state to the fluid. Thua- 

Smid. Ensed S.W= td 450°. 

Lead . . -0314 0-403 
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6. Schim's Experimental Results on Specific Jleats. 





Specific G rarities. 


''c!-F^" 


at 100°. 


eaet 100°. 














Gray Foundry Iron . . 


6-635 


7-275 


471 mean 


O-09O49 


000399 


Light Gray 


G-316 


7-573 


495 






White aud "Spiegel" . 


7-056 




503 


O-08937 


0-00635 


Steel (Cemenlation) . . 


7-400 


7-835 


522 






Cast Steel 


7-826 


8-092 








Bar Iron 


7-352 


7-913 




0-1190 




Wire 


7-794 


8 '100 








Coke 


1-120 


... 


75"" 


0-1571 


0-0194 


OllES. 












Calcareous Iron Ore . . 


2-503 




168 


0-2557 




Bed Spathose, raw . . 


3-679 




249 


0-11174 


0-084 


" calcined . 


4-413 




3S6 


0-153006 


0-013 


White Spathose, raw . 


3-555 




343 


0-13478 


0045 


calcined 


4-460 




305 


0-17956 


0008 


Clay Iron Stoae, raw . 






318 


0-1894 


0033 


" calcined 






256 


0-17633 


0-0141 


Magnetic Ore .... 


4-330 




284 


0-16674 


0-0071 




3-535 




173 






" calcined . , 


3-075 




140 






Blast Furnace Slags . . 


3-383 




160 


0-1469 


0-010 


Do. do. 


3-917 




195 


0-1479 


0-0116 


Do. do. 


3-777 




356 


0-1493 


00117 


Do. Hayange . 


3-573 




176 


0-14698 


0135 



^femsrarerfMm.— Average weight, per cohic foot, of the materials of the 

charges, as they are filled into the charging barrows at Clcwence Worha : — 

Coke . . -318 cent. =24-5 lbs. = i of tlicoretical or solid. 

CaldnedOre . -678 " =76-5 " = ^ 

Limestone . 607 " =68 " = /, " " 

Memorandum,. — If a weight m of a suhstance he heated to temperature 

t', and plunged in a weijht m of wati-r, riismg the temperature thereof 

by < degrees, then f, the apeLiIic heat, is determined by the equation 






From this equation we have also ("=;i^--. 
For example, a platiaa ball, of 300 grains weight, heated in a fiimace, 



dbyGoogIc 



180 APPENDIX. 

plunged into a weight of water of 1000 grains, raises tlie temperatnre of tlie 
water by 7°; tliea m=1000 — OT'=30l}i=7— 3 (spec, lieat of platiiia) = 
0-0355 (?) 

^,^1000x7 ^''"'^_=970oc 

300X-0355 7-1 

Here tlie EUpposilion. is made tliat the sp. beat of platina is tlie same at 8760 
aa at 300; but, supposing tbe difference for the first 300°, viz., 0002 or 
for 10(P = 0'001 to contain these at 970, or say BOOO, we should have 
001 X (900 — 300) =0-006. Then 0-0355+0-006=0'0415, 

and therefore "0" >< r- = ™"-= 8540, 
300x0061 8-3 

a difference of 1330. 

The most recent experiments are those of Professor Wanhold of Chtmnitz, 
and ftom these, made with every precaution to insure accuracy, tlie specific 
heat of platinum may be taken for pyrometric work as constant. 
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ACTION proper of blast furnace, 
160-163 
Agreement of the formulas with the 

complete analysis, 38-42 
Air, composition of, 175 

determination of the mass of, 
blown through the twyres, 37, 
38 
of blast, weight of, GO 
weight of, in blast, 85, 88, 72, 75 
Alfreton furnace, 157 
Anatjsis and formulas, agreement of, 
38-43 
application of new method, to a 
French blast furnace, 118~13t 
of gases, 45 

of technical economy, 172 
Andrews, Prof., experiments, 147 
Application of new method of analysis 
to a French blast furnace, 118-121 
Astam-in-Fumess, furnace, 33 
Aubertflt, M., application of waste 
gases by, 145 



Austria, height of blast fnrnaces i 



BALANCE of raw material and of 
yield of blast furnace of Pouzin, 
133-138 
Barrow, furnaces at, 33 
Bell, I. Lowthian, 17, 21, 32, 38, S6 
39, 39, 43, 48, 49, 51, 55, 
59, 87, 85. 88, 91, 93, 94, 
95, ISl, 136, 138, 139, 150 
160 
and M. Gruner, 170, 171, 173 
experiments on tlie chemical 
and physical phenomena 
of tlie blast furnace, 153 
importance of bis investiga- 
tions, 165 
on caloric of slags, 53 

reciuired in iron smelt- 
ing, 165-174 



Bell, I. Lowthian, on decrease of 

oxygen and carbon in the 

gases of the Mast furnace, 

158, 159, 160 

on the action proper of blast 

furnace, 180-164 
On the Development and Ap- 
pUeation of Heat in Iron 
Blast Furnaces, 156 
theory of the blast furnace, 
140 
Berthier on waste gases, 145 
Big furnaces, yield of, 31, 33 
Blast, caloric carried in by, 61 
consideration of weigM of, 169 
furnace, action proper of, 160-164 
calorific phenomena of, 156 
determination of the caloric 

received by, 56 
experiments of M, ScMnzon, 

148-153 
phenomena, tables, and me- 
moranda for calculating, 
175-180 
theory of, 140-174 
furnaces, determination of the 
caloric consumed in, 46-47 
principal reactions in, 34-S8 
recent modifications in, 17 
successive enlargements of, 
18 
inflnence of highly heated, 101- 

116 
influence of variations of the 

temperature of, 101 
weight of air in, 85, 88, 73, 75 
Boulanger and Dnlait's experiments 

on the heat in pig-iron, 51 
Budd, James P., patent for applica- 
tion of heat, flames, and gases of 
the blast furnace to healing hot- 
blast stoves, 145, 146 
Btmsen's experiments on the compo- 
sition of gases of the furnace, 143, 
144, 148 
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by Ibe fusion, of the slag and 
the decomposition of the 
limestone, 53-.54 
by the reduction of flie ores 
and the fiision of the pig- 
in tlie reduction of ores, 
fiuses, etc., 49, 50 
of peroxide of iron, 48 
arising from the oxidation of 

silicium, phosphorus, etc., 49 
carried in by blast, 61, 65, 68, 73, 
75 
off by radiayon from walls 

of furnace, 131 
off by the gases, 63 
consnmed in blast furnaces, 46-47 
determination of, received by a 

blast furnace, 56 
lost by radiation from the walls ' 

of lumace, etc, 55, 56 
of combustion, determination of, 

176 
more economical to get, by a 
good design of furnace Uian by 
an over-heated blast, 115 
produced in the furnace, 61, 65, 

6B, 72, 75 
requited in iron -smelting, 165- 
174 



'< I Clarence furnace, economy of fuel at, 
1 1 174 

j furnaces compared with French 

furnaces, 130 
. I works, 91, 02, 93 

examples of working of, 63 

64. 67, 78, 79 
furnaces of, 19, 31 
gases of the furnaces at, 39, 
40 
Cleveland, furnaces in, 19, 20, 33 
hearths of, 180 
prior to I860, 28 
highest furnace, temperature of 
escaping gases af, 104 
Coke and charcoal, decompoation of, 



f the furnace, index 
of the blast furnace. 



Calculations of blast furnace phe- 
nomena, 175-18(1 
Capacity, great, influence of, 88-93 
Carbon and iron, 176 . 

deposition, 164. o.', .\ 

impregnation, 163 ;' 
Carbonic acid, 96 a . . 

oxide, dissociation of, 162 
Charcoal and coke, decomposilion of, 

139 
Cliatging French furnaces, 130 
Chemical equivalents, 175 
Clarence furnace, blast at, 173 



Consett furnace, economy of fuel at, 
174 
fuel used at, 174 
furnaces at, 33 

conclusions drawn from re- 
sults at, 111 
examples of working of, 70, 
73, 78, 79, 104, 105, 106, 
109,111, 114,115 
table of results of actual 
compared with hypothetic 
working, HI 
working of, 168, 174 
tise of superheated blast at, 103, 
104 



DEBRAY, M., experiments of, 26 
Decomposition of limestone, 63 
Denain, blast furnaces of, 138 
Despretz, experiments of, 49 
Determination of (he caloric con- 
sumed in blast furnaces, 
46, 47 
received by a blast furnace, 
56 
Deville, H., and Cailletct, experi- 
ments of, 25 
Diameters of furnaces, 17 
Dowlais Ironworks, economy of fuel 

at, 174 
Driving furnaoe, rate of, 173 
Dry gases, weight of, 60 
Dulait and Boulanger's experimenls 
on slags, 53 

1 the gases. 
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EARTHY metals, caloric corre- 
I spending to, 49 
Ebelmen, analysea of, 88 

OD analysis of tie gases at Sera- 

on comparison of fuels, 139 
Ebelmen'a experience of slow work- 
ing, 8B, 87, 88 
experiments on the composition 
of blast furnace gases, 144, 
146 
Economy, analysis of, 172 

maximum, how obtained, 115 
Economical working of the furnaces, 

how it varies, 29-3S 
England, ftimaces in, 18 

kearth too wide in, 130 
Escaping gases, weight and compo- 
sition of, 34-38 
Eston Works, 91 

large furnaces of, 92 
Equivalents, chemical, ITS 
Experiments on the keat in pig-iron, 
50,51 



FACTORS of calorific effects, 170, 
171, 173 
Favre and Silbermann, 48 

and Silbermann' 3 experiments. 



on the caloric 
in the decomposition 
of limestone, 54 

Ferruginous carbon, 96, 97 

Ferryhill furnace, temperatures of 



ion of, 130 

M., analysis of Spiegel 
iron, 154 
Fuel, comparison of, 139 

consumption of^ in the ideal 

working blast furnace, 140 
economy of, 174 
natnral limit of the economy of, 

140 
required, 174 

used at various furnaces, 174 
Furnace, advantage of good design 
of, 115 



Furnace, application of Ike new me- 
thod of analysis to a French, 
118-131 

caloric produced in, 64, 65, 69 

elements of the working of, 131, 
132 

of MontluQon, 139 

theory of, 140-174 

of Vienne in Ike Isere, 80 
Furnaces, after a certain height has 
been attained, no longer any 
advantage in enlarging, 101 

at Pont-Ev8que, 86 

big, yield of, 31, 32 

economical working of, how it 



French, i 



JT of charing, II 



reduction of heigkt of, 33 
synoptical table of results ob- 
tained in the working of vari- 
ous, 78 
Fusion of slag, caloric absorbed by, 
52-64 
of slags, G3 



GASEOUb current ra furnaces, 34 
ot blast tumace'' <)J 

currents of blast furnaces, com 
position of, 135 
Gases, analysis of, 45 

atSeraing i% 

beyond a certain jKif,ht, the 
temperature of does not di 
minisli b> reason of dissocn 
tion of oxide ot carbon, 93- 
101 

caloric carried off by the, 63 

determination of tke mean tem- 
perature of, 45 

escaping from the furhaco, 154 
weight and composition of, 
34-38 

evolved from iron furnaces, Bun- 
sen and Playfair on, 157, 158 

in tlie economical working of 
furnaces, 39 

method of taking specimens of, 
42^6 

of blast furnace, Bunsen's expe- 
riments on tke composition of, 
143, 144 
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Gases of blast furnace, Dr. Percy on 

analysis of, 147 

Ebelmeii'a esperimenta 

on the composition of, 

144, 146 

of the furnaces at Clarence works, 

39, 40 
eensible teat carried oif by, 64, 

65 
specific beat of, 178 
waste of, furnace, 145 
weight of dry, 60 
weights of, 64, 68, 71, 74 
Gillot's experiments on slags, 53 

on the heat in pig-iron, 61 
Gjers, J., account of development of 

Cleveland fnmacea, 20 
Gmelin, L.,Hand Book of Chemistry, 

146 
Great height and capacity, inflHeace 

of, 88-93 
Gruner, M., and I. L. Bell, 170, 171, 



HEARTH too wide in England, 130 
Heat, quantities of, 177 
Height of furnaces, 17 
Highly heated blast, influence of, 

101-116 
Hot-blast stoves, heating, 14Q 



Influence of .extra-slow working, 
86-88 
of great height and capadty, 

of highly heated blast, 101-116 
Iron and Steel Institute of Great 

Brilain, 17 
ores, equivalents for, 176 
-smelting, caloric required, 166- 

174 



KAR8TEN, 38 
on the theory of tlie blast fur. 
nace, 141, 142, 143 



LAMPADIUS, W, A., on the 
theory of the blast furnace, 140, 
143, 147, 153 



Large furnaces, 101 

Latent boat, 177 

Leichtflussig, 138, 137 

Le Play, M., on the reducing power 

of carbonic oxide, 143 
Limestone, caloric absorbed by de- 
composition of, 53-54 
decomposition of, 63 

cov 4,iu ■ 

MEASURE or index of the vpork- 
ing of blast furnaces, 33, 34 
Melting points, 177 
Method of taking specimens securing 

a mean of gases, 43-49 
Minary and Resal'a experiments on 






pig-ii 



ORES, fluxes, etc., caloric absorbed 
in the reduction of, 49, 50 
refractory, 186 
Onnesby furnace, 91 

examples of working oi, 67, 

78, 79 
of 1867 compared with 
French, 130 
monster furnace at, 30 
Osnabruck furnace, fuel used at, 174 
Oside of iron, reduction of, 95 
Osygen and carbon, decrease of. In 
blast fnmace, 158, 159, 160 
supplied to the gases of the ftir- 
naee, 106 



)ERCT. Dr., examination of figures 
of Bunsen and Playfair on 
gases, 1S8, 159 

MetaUurgy of Iron and Steel, 
importance of, 147 

on analysis of blast furnace gases, 
147 

on comparison of fuels, 139 

on composition of gaseous cur- 
rents, 136 

on melting points of metals and 
alloys, 138 
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Peroxide of iron, caloric aliaorbed 

redaction of, 48 
Plattner's experiments on fusibiltyof 



Phosphorua, oxidation of, 49 
Pig-ixon, composition of, 35 

expenmenls ou tlie lieat : 
50,51 
Pont-EvSque, furnace at, 88 
Pouzin, blast furnaces of, 130-128 
Pouzin furnace, fliel used at, 174 
Priucipal reactions in blast furnaces, 



Protoxide o 



L, 97 



QUANTITIES of caloric absorbed 
and given off in blast furnaces. 



RADIATIOS", caloric lost by, 55, 
56 
fkim walla of furnace, 131 
Raw material and yield of blast fur- 
nace of Pouzin, 133-128 
Beaciions in blast furnaces, 34-26 
Eeceut modiflcations in the regime of 

blast furnaces, 17 
Reduction in the blast furnace, 35, 
of ores and fusion of pig-i^ 
caloric absorbed by, 47-53 
Refractory ores, 136 

slags, 137 
Region of fusion, Tunner's experi- 
ments on icmperatures of, 131 
Regnault, 54, 55 
Rinman'sexperimentaon slags, 53, 54 

on the heat in pig-iron, 51 
Russia, height of blast furnaces in, 18 



SAMUELSON, Mr., 
furnaces, 93 
Sclieurer-Kestner and Ch. Meunier 
on the products of combustion of 
coal, 43 
Schinz, M., 163, 168 

experiments of, on the calorific 
phenomena of tlie blast furnace, 
148-153 
Schinz's experiments on specific 
heats, 179 



Sefstrom and Bertihier esperimenls 

on silicates, 53 
Sensible heat carried off by the gases, 

54, 55 
Seraing, Ebelmen on the analysis of 

the gases at, 43 
Silicates, 137 

fusibility of, 53 
Sihcium, CEdoric produced by the 

oxidation of, 49 
Slags, 136-138 

fusibility of, 53, 53 
fusion of, 63 
formation of, 136, 137 
Slow-working, influence of extra, 

86-88 
Solid descending current in furnaces, 

34 
Spathore iron, 97 
Specillc heat, 177 

heats of gases, 178 
of solids, 178 
Schinz's experiments, 179 
St. Jacques' Works, 139 
Stoves of fire-brick. Cow per- Siemens 

and Whitwell's, 17 
Strengflussige, 136, 137 

erzen, 138 
Styrian and Carinthian furnaces, 

yield of, 138 
Successive enlargements of blast fur- 

.ces, 18-34 
Superheated blast, 103 

excess of caloric carried in 
by, 103 

■Sweden, height ofblaat furnaces in, 18 
Synoptical table of results, 78 

found at Consett, 111 



Tables and memoranda for calcula- 
tions of blast furnace phenomena, 
175-180 

eague, Moses, patent for utilization 
of waste gases, 115 
Technical economy, analysis, 173 
Tees-side, furnace, 19, 30 
Temperature, influence of variations 
of, in the blast, 101 
of blast and at the tunnel-head, 
104 
Thermometers, 176 
Thermometric pyrometer scales, 177 
Theory of the blast furnace, 140-174 
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Thornaby, fiirnacrs at, 19 

Troost and Ilauteftiille, experiments 
of, 49 

Tunner's esperiments on (he tem- 
peratures of region of fusion, 181 



VATHAIRE'S experiment o 
heat in pig-iron, 51 
experiments on slag, S3 
Yienne, furnace at, 86 



Weiglit of air in blast, m, 68, 73, 75 

of blast, 00 

of the dry gases, 60 
Weights of gases, 64, 78, 71, 74 
Wei al arch, 38 
Welther, law of; 48 
Wllliama, Ed., of Eston Works, 

quoted, 91 
Workington, furnaces at, 33 
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AMATEUR MECHANICS' WORKSHOP: 

A (realise containing plain and concise directions for the manipula- 
tion of Wood and Metals, including Casting, Forging, Brazing, 
Soldering and Carpentry. By the author of the " Lathe and lis 
Uses." Seventh edllinn. Illustraled. 8to. . S3-00 

ANDRES.— A Practical Treatise on the Fabrication of Volatile 
and Fat Varnishes, Lacquers, Siccatives and Sealing 

From the German of Erwin Akdrks, Manufacturer of Varnishes 
and Lacquers, With atidilions on Ihe Manufacture and Application 
of Varnishes, Stains for Wood, Horn, Ivory, Bone anil leather. 
From tlie German of Dr. Emil WmcKLER and Louis E. Andes. 
The whole translated and edited by William T. Brannt. With 1 1 

illustrations, iimo. S'-SO 

ARLOT.— A Complete Guide fbr Coach Painters: 

Translated from the French of M. Arlot, Coach Painter; for 
eleven years Foreman of Painting to M. Eherler, Coach Maker, 
Paris. By A. A. Fesquet, Chemist and Engineer. To which is 
added an Appendix, containing Information respecting the Material* 
and the Practice of Coach and Car Painting and Varnishing in the 
United States and Great Brilain. l2mo. . . $I.2S 
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HENRY CAKEY BAIRD & CO.'S CATALOGUE. 



ARMENGAUD, AMOROUX, AND JOHNSON.— The Practi. 
cal Draughtsman's Book of Industrial Design, and Ma- 
chinist's and Engineer's Drawing Companion : 
forming a Complete Course of Mechanical Engineering and Archi- 
lecturat Drawing. From the French of M. Armengaud the elder, 
Prof, of Design in the Conservaloire of Arts and Indastry, Paris, and 
MM. Armengaad the younger, and Amoroux, Civil Engineers. Re- 
written and arranged with additional mailer and plates, selections from 
and examples of the most useful and generally employed mechanism 
of the da.y. By WiLLiAM Johnson, Assoc. Inst. C. E. Illustrated 
by fifty folio steel plates, and fifty wood-cuts. A new edition, fto., 
halfmoro.coo Sio.oo 

ARMSTRONG.— The Construction and Management of Steam 
Boilers : 
By R. Armstrong, C. E. With an Appendix by Robert Mai.i.K]', 
C. E., V. K. S. Seventh Edition. Illustrated, i vol. r2mo. 75 

ARROWSMITH,— Paper-Hanger's Companion : 

A Treatise in which the Praclical Operations of the Trade are 
Systematically laid down: with Copious Directions Preparatory to 
Papering; Preventives against the Effect of Damp on Walls; the 
vaiious Cements and Pastes Adapted to the Several Purposes of 
the Trade; Observations and Directions for the Panelling and 
Ornamenting of Rooms, etc. By James Areowsmith. lamo., 
cloth 51,25 

ASHTON. — The Theory and Practice of the Art of Designing 
Fancy Cotton and Woollen Cloths from Sample : 
Giving full instruclions for reducing drafts, as well as the methods i>f 
spooling and making out harness for cross drafts and finding any re- 
quired reed; with calculations and tables of yarn. By Fbf-of.ric T. 
AsHTON, Designer, West Kttsfield, Mass. With fifty-two illustrailcais. 
One vol. folio SlO.oo 

AUERBACH— CROOKES.— Antbracen: 

It'i Constitution, Properties, Manufacture and Derivatives, including 
Aitificial Alizarin, Anthrapurpurin, etc., with their applicr'—-- 



S., Vice. President of the Chemical Society. 
BAIRD.— Miscellaneous Papers on Economic Questions. 

By Henry Carey Baird. {[a preparalion.) 

BAIRD, — The American Cotton Spinner, and Manager's arid 

Carder's Guide; 

A Practical Treatise on Cotton Spinning; giving the Dimensions and 

Speed of Machinery, Draught and Twist Calculations, etc.; with 

■■ t Improvements: tc^elher with Rules and Examples 

$1,50 
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BAIRD,— Standard Wages Computing Tables: 

An Improveiiieiit in all formct Methods of Computalion, so arranged 
tliat wages for days, hours, or fractions of iiours, al a specified rate 
per day or hour, may be ascertained at a glance. By T. Spangleh 
Baird. Obiong folio S5.00 

BAKER.—Long-Span Railway Bridges : 
Compfising Investigations of the . Comparative Theoretical and 
IVaclical Advantages of the various Adopted or Proposed Type 
Syslemsof Construction; with numerous Formulie and Tables. By 
B. Baker, iznio, *i,5o 

BAKER.— The Mathematical Theory of the Steam-Engine : 
With Rules at length, and Examples worked out for the use of 
Praclicai Men. By T. Bakek, C, E., with numerous Diagrams. 
Sixth Edition, Revised by Prof. J. R. Young, izmo. 75 

BARLOW. — The History and Principles of Weaving, by 
Hand and by Power : 
Reprinted, with Considerable Additions, from " Engineering," with 
a chapter on Lace-making Machinery, leprinted from the Journal of 
(he "Society of Arts." By Alfred Barlow. With several hundred 
illustrations. Svo., 443 pages Sio.oo 

BARR. — A Practical Treatise on the Combustion of Coat: 
Including descriptions of various mechanical devices for the Eco- 
nomic Generation of Heat by the Con.bustion of Fuel, whether solid, 
liquid or gaseous. Svo S3. 5° 

BARR.— A Practical Treatise on Hig^h Pressure Steam Boilers : 
Including Results of Recent Experimental Tc^ts of Boiler Materials, 
together with a Description of Approved Safely Apparatus, Steam 
Pumps, Injectors and Economizers in actual use. By Wm. M. Babr. 
204 Illustrations, Svo S3-oo 

BAUERMAN.— A Treatise on the Metallurgy of Iron : 
Containing Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analysis of Iron Ores, Processes of Manufacture of Iron 
and Steel, etc.. etc. By H. BaVERMAN, F. G. S., Associate of the 
Royal School of Mines. Fifth Edition, Revised and Enlarged, 
Illustrated with numerous Wood Engravings from Drawings by J. B, 
Jordan. lamo Ii.oc 

BAYLES.— House Drainage and Water Service: 
In Cities, Villages and Rural Neighborhoods. With Incidental Con. 
sideralion of Certain Causes Affecting the Healthfulness of Dwell, 
ings. By James C. Bayles, Editor of " The Iron Age ■' and " Thn 
Metal Worker." With numerous illustralions, Svo. cloth, $3,00 

BEAMS.— A Treatise on Railway Curves and Location of 
Railroads: 
By E. W. Bfj\ns, C. E, Illustrated: i3mo. Tucks , 8l..io 

BECKETT,— A Rudimentary Treatise on Clocks, and Watches 
and Bells : 

By Sir Edmund Beckett, Ban., LL. D., Q, C. F. R. A. S. With 
illustrations. Seventh Edition, Revised and Enlarged. 
8225 
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BELL.— Caipentiy Made 'Baay. 

Or, The Science and Art of Framing on a New and Improved 
Sysiem. Wilh Specific Instrnclioiis for Building Balloon Frame*. Barn 
Frames, Mill Frames, Warehouse*, Church Spires, elc. Comprising 
also a. System of Bridge Building, with Bills, Ewimales of Coit, and 
valuable Tables. Illustrated by forty-four plates, comprising aearly 
zoo figures. By William E. Bell, Architect and Praelieal Builder. 

Svo S5-00 

BEM ROSE, —Fret -Cutting and Perforated Carving ; 
Wilh fifty-three practical illustralions. By W-.B^mhose, Jr. I vol 

BEM ROSE. —Manual of BuW-work and Marquetry: 

With Practical Instructions for Learners, and ninety colored designs. 
Bv W. Bemrose, Jr. I vol. quarto .... 83.00 

BEMROSE.— Manual of Wood Carving: 

Wilh Practical Illuslralions for l^eamers of the Art, and Original and 
Selected Designs. By William Bemrose, Jr. Wilh an Intro- 
duction by Llewellyn Jewirr, F. S. A., etc. With 138 illustra- 
tions, 410. $3-oo 

BILLINGS.— Tobacco : 

Its History, Variety, Culture, Manufacture. Commerce, and Various 
Modes of Use. By E. R. Billings. Illusirated by nearly 300 
engravings. Svo SS.oo 

BIRD. — Tbe American Practical Dyers* Companion: 

Comprising a Description of tlie Principal Dye-Stutfe and Chemicals 
used in Dyeing, their Natures and Uses ; Mordants, and How Made ; 
with the best American. English, French and German processes for 
Bleaching and Dyeing Silk, Wool, Cotton, Linen, Flannel, Felt, 
Dress Goods, Mixed and Hosiery Yarns, Feathers, Grass, Feit, For, 
Wool, and Straw Hats, Jute Yarn, Vegetable Ivory, Mais, Skins, 
Furs, Leather, etc., etc. By Wood, Aniline, and other Processes, 
tc^cther with Remarks on Finishing Agents, and Instructions in the 
Finishii^ of Fabrics, Substitutes for In<ligo, Water-Proofing of 
Materinls, Tests and Purification of Water. Manufacture of Aniline 
and other New Dye Wares, Harmonizing tiolors, etc., etc. ; embrac- 
ing in all over 800 Receipts for Co]ota and Shades, accompanied by 
170 Dycl Samples of Htnv Materials and Fairies. By F. J. Bird, 
Practical Dyer, Author of "The Dyers' Hand- Book." Svo, ?!0.00 

BLINN.— A Practical Workshop Companion for Tin, Sheet- 
Iron, and Copper-plate Workers : 
Containing Rules for describing various kinds of Patterns used by 
Tin, Sheet-Iron and Copper-plate Workers; Practical Geometry, 
Mensuration of Surfaces and Solids; Tables of the Weights of 
Metals, Lead-pipe, etc.; Tables of Areas and Circunifereni,e» 
of Circles; Japan, Varnishes, Lackers, Cements, Compr sit tons, etc , 
etc. By Leroy J. Blinn, Master Mechanic. With over One 
Hundred Illustrations, t'^mo. i^-S^ 



db,Googlc 



HENRY CAREY BAIRD & CO.'S CATALOGUE, 



BOOTH.— Marble Worker's Manual; 

Containing Practical Information respecting Marbles in general, theit 
Cuttmg, Working and Polishing; Veneering of Marble; Mosaics; 
Composition and Use of Artificial Marble, Slucco;,, Cemenls, Receipts, 
Secrels. etc., elc. Translated from the French by M. L. Booth, 
Withan Appendix concerning American Marbles, l2mo., cloth J1.50 
BOOTH and MORFIT.— The Encyclopaedia of Chemistry, 
Practical and Theoretical : 
Embracing its application to the Arts, Metallurgy, Mineralogy, 
Geology, Medicine and Pharmacy, By James C. Booth, Meller 
and Reliner in the United Slates Mint, Etofessor uf Applied Chem- 
istry in the Franklin Institute, etc., assisted by CAMPBELL MOKFIT, 
author of " Chemical Manipulations," etc. Seventh Edition. Com- 
plete in one volume, royal 8vo., 978 pages, with numerous wood-culs 
and oLher illustrations f 5.00 

BBAM WELL.— The Wool Carder's Vade-Mecum: 

A Complete Manual of the Art t>f Carding Textile Fabrics. By W. 
C. Bramwell. Third Edition, revised and enlai^ed. Illustrated. 
Pp. 400, lamo $2.^a 

BRANNT,— A Practical Treatise on Animal and Vegetable 
Fats and Oils : 
Comprising both Fixed and Volatile Oils, their Physical and Chemi- 
cal Properties and Uses, the Manner of Extracting and Refining 
them, and Practical Rules for Testing them; as well as the Manu- 
facture of Artificial Butter, Lubricants, including Mineral Lubricating 
Oils, etc., and on Oiotterite. Edited chiefly from the German of 
Drs. Karl Schaf.dler, G. W. Askinson, and Richard Brunner, 
with Additions and. Lists of American Patents relating to the Extrac- 
tion, Rendering, Refining, Decomposing, and Bleaching of Fats and 
Oils. By William T. Brannt. Illustrated by 244 engravings. 
739 pases. Svo S7.50 

BRANNT.— A Practical Treatise on the Manufacture of Soap 
and Candles : 
Based upon the most Recent Experiences in the Practice and Science ; 
compri,^ing the Chemistry, Raw Materials, Machine'''', and Utensils 
and Various Processes of Manufacture, including a great variety of 
formulas. Edited chiefly from the German of Dr. C. Dcile, A. 
Engelhardt, Dr. C. Schacdier and others; with additions and lists 
of American Patents relating to these subjects. l(y Wm. T. Brannt. 
Illuattated by 163 engravings. 677 pages. Svo. . . 87.50 

BRANNT.— A Practical Treatise on the Raw Materials and the 
Distillation and Rectification of Alcohol, and the Prepara- 
tion of Alcoholi; Liquors, Liqueurs, Cordials, Bitters, etc. : 
Edited chiefly from the Germnn ol Dt. K. Slammer, llr. F. Eisner, 
and E. Schubert. By Wm. T. Bkannt. Illusttaled ny thirty-one 
eiijravings. ismo S2.50 
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BRANNT— WAHL.— The Techno- Chemical Receipt Soofci 
Conlainiiig several thousand Receipts covering the lalesl, most ,ni 
porlanl, and most useful tliscoveries in Chemical Technology, and 
their Fraclical Application in the Arts and the Indnstries. Edited 
chiefly from the German of Drs. WincUer. Eisner. Heinlze, Mier- 
zinski, Jacobseii, Roller, and Heiiizerling, with additions by Wm. T. 
Bkannt and Wm. H. Wahl, Ph. D. Illustrated by 78 engravini;-, 
lano. 495 page" , . ^2 r,j 

BROWN.— Five Hundred and Seven Mechanical Movements . 
Embracing all those which are most important in Dynamics, Hy- 
draulics, Hydrostatics, Pneamalics, Steam -Engines, Mill and othei 
Gearing, Presses, Homlogy and Miscellaneous Machinery; and in- 
cluding many movements never before puhli.ihed, and several of 
which have only recently come into use. By Hekry T. Brown, 



$1.50 

BULLOCK.— The Americar. Cottage Builder : 

A Series of Disigns, Plans and S])tcihcaUons, from S2QO to 620,000, 
for Homes for the People; together with Warming, Ventilation, 
Drain^e, Painting and Landscape Gardening. By JOHN BuLLOCK. 
Architect and Editor of " rfhe RudimenU of Architecture and 
Building," etc., etc. Illustrated by 75 engravings. 8vo. $3-S° 

BULLOCK.— The Rudiments of Architecture and Building; 
For the use of Architects, Build D h M h' Ms, En- 

gineers and Mechanics. Editer J H B f"The 

American Cottage Builder." lUu E 8 o. 83,fiD 

BURGH.— Practical Rules f h P p Modem 

Engines and Boilers for L d M P rp 

By N. P. BuRCH, Engineer- I m 81,50 

BYLES.— Sophisms of Free T d d P p Political 

Economy Examined. 

By a Barrister (Sir John B J ommon 

Pleas). Prom the Ninth Eiig E by the 

Manchester Reciprocity Associa Si. 25 

BOWMAN.— The Structure of h Woo F b Relation 

to the Use of Wool for Te h Purp 

Being the substance, with addi ered at 

the request of the Council, to Ih mbe Bra chnical 

College, and the Society of D sts E F . Bow- 

man, D. Sc, F. R. S. E., f . L K pavinss. 

*™ S6.50 

BYRNE.—Hand-Book for th Art M ban and Engi- 

Compritjing the Grinding and Sh rp 
Processes, Lapidary Wovit, Gem and 
and Lackenna, Apparatus, Materials a 
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polishing, etc. By Oliver Bvrne. Illustrated by 1S5 wood en- 
gravings. 8vo. JS.ot. 

BYRNE.— Pocket- Book for Railroad and Civil Engineers: 
Contnining New, Exact and Concise Methods fur Laying ouL Railroali 
Curves, Switches, Frog Angles and Crossings; the Staking out of 
work; Levelling; the Calculation of Cuttings; Emiranknienls ; Earth- 
work, etc. By Oliver Byrne. i8mo., full bound, pocket-lnxjlc 
fonn . , . Si .75 

^JYRNE.— The Practical Metal-Worker'a AsBiBtant : 
Comprising Metallurgic Chemistry; the Arts of Working all Metals 
and Alloys; Forging of Iron and Steel; Ha.rdening and Tempering; 
Melting and Mixing ; Casting and Founding ; Works in Sheet Metal; 
the Processes Dependent on the Ductility of the Metals; Soldering; 
and the most Improved Processes and Tools employed by Metal- 
workers With the Application of the Art of Electro -Metallurgy to 
Manufaclur ng Processes; collected from Original Sources, and from 
the works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, 
Sc ffern Clay Fairbaim and others. By Oliver Bvrne. A new, 
rev sed a I mproved edition, to which is added an Appendix, con- 
la ning The Manufacture of Russian Sheet-Iron. By John Percw, 
M D F R S. The Manufacture of Malleable Iron Castings, and 
Imjroveneits in Bessemer Steel. By A. A. Fesquet, Chemist ind 
Engineer. With over Six Hundred Engravings, Illustrating every 
Branch of the Subject. 8vo j/,7.00 

BYRNE.— The Practical Model Calculator: 
For the Engineer. Mechanic, Manufacturer of Engine Work, Naral 
Architect, Miner and Millwright. By Oliver Bvkne. 8vo., nearly 
ioo pages S4.S6 

CABINET MAKER'S ALBUM OF FURNITURE: 

Comfffising a Collection of Designs for various Styles of Furniture. 
Illustrated by Forty-eight Large and Beautifully Engraved Plates. 
Oblong, 8vo S3.50 

CALLINGHAM.— Sign Wtiiiag and Glass Embossing: 

A Complete Practical Illustrated Manual of the Art. By James 
Callengham. i2nio £1.50 

CAMPIN. — A Practical Treatise on Mechanical Engineering: 
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work, 
shop Machinery, Mechanical Manipulation, Manufacture of Steam- 
Engines, etc. With an Appendix on the Analysis of Iron and Iron 
Ores. By Francis Campin. C. E. To which are added. Observations 
on the Construction of Steam Boilers, and Remarks upon Furnaces 
used for Smuke Prevention; with a Chapter on Explosions. By R. 
Armstrong, C. E., and John Bourne. Rules for Calculating tha 
Change Wheels for Screws on a Turning Lathe, and for a Wheei- 
cutting Machine. By J. La Nicca. Management of Steel, Includ- 
ing Forging, Hardening, Tempering, Annealing, Shrinking and 
Expansaiin ; and the Case-hardening of Iron. By G. Ede. 8vi.. 
Illustrated with twenty-nine plates and 1 00 wood engravings Sj.oo 
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CAREY.— A Memoir of Henry C. Carey. 

Ey Dr. Wm. Elder, Wiih a ponraii. 8vo., doth . . 1$ 

CAREY.— The Works of Henry C. Carey : 

Harmony of Interests ; Agricultural, Manufacturing and Commer- 
cial. Svo. . . S1.50 

Mamia] of Social Science. Condensed from Carey's " Principles 
of Social Science." Uy Kate McKkan. i vol. lamo. . $2.2$ 
Miscellaneous Works. With a Poritaii. j vols, Svo. S6,oo 

Past, Present and Future. Svo. ..... Sa.jo 

Principles of Social Science, 3 volumes, Svo. . S'o.oc 

The Slave -Trade, Domestic and Foreign; Why it Exists, and 
Howit may be EKtinguished (1853). Svo. . . . $2.oa 

The Unity of Law: As Exhibited in the Relations of Physical, 
Social, Mental and Moral Science (1872J, Svo. . . S3.50 

CLARK. — Tramways, their Construction and Working: 
Embracing a Com[>rehenBive History of the System. With an ex- 
haustive analysis of the various modes of traction, including horse- 
povfer, sleam, heated water and compressed air ; a description of the 
varieties of Rolling stock, and ample details of cost and working ex- 
penses. By D. KiNNEAR Clark. Illustrated by over 200 wood 
engravings, and thirteen folding plates. 2 vols. Svo. . |ll3,50 

COLBURN. — The Locomotive Engine : 

Including a Description of its Structure, Rules for Estimating its 
Capabilities, and Practical Observations on its Construction and Man- 
agement. By Zerah Colburn. Illustrated. i2mo. , Si.oo 

COLLBNS.— The Eden of Labor ; or, the Christian Utopia. 
By T. Wharton Collens, author of " Humanics," "The History 
of Charity," etc, ISmo. Paper cover, Si, 00; Clolh . S1.25 

COOLEV.—A Complete Practical Treatise on Perfumery: 
Being a Hand-book of Perfumes, Cosmetics and other Toilet Articles. 
With a Comprehensive Collection of Formula. By Arnold J, 
COOLEY, i2mo S1-5G 

COOPER.— A Treatise on the use of Belting for the Trans- 
mission of Power. 
With numerous illustrations of approved and actual methods o( ai'- 
ranging Main Driving and Quarter Twist Belts, and of Belt Fnsten. 
ings. Examples and Rules in great number for exhibiting and cal- 
culating the she and driving power of Bells. Plain, Particular and 
Practical Directions for the Treatment, Care and Management of 
Belts. Descriptions of many varieties of Beltings, together with 
chapters on the Transrois^on of Power by Ropes; by Iron and 
Wood Frictional Gearing; on the Strength of Belting Leather; and 
on the Experimental Investigations of Morin, Briggs, and others, Ey 
John H. Cooper, M. E, Svo 83.50 

CRAIK.— The Practical American Millwright and Miller. 
By David Craik, Millwright. Illustrated by numerous wood en- 
gravings and two folding plates. Svo $S-O0 
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CREW.— A Practical Treatise on Petroleum : 

Comprising its Origin, Geology, Geographical Distribution, Hi.ftotj-, 
Chemiitiy, Mining, Technology, Uses and Transportation. Together 
with a Description of Gas Wells, [he Application of Gas as Fuel, etc. 
By Benjamin J. Crew. With an Appendix on the Product and 
Exhaustion of the Oil Regions, and the Geoli^y of Natural Gas in 
Pennsylvania and New Vorlt. ByCHABLES A. ASHBURNER, M. S 
Geologist in Charge Pennsylvania Survey, Philadelphia, Illustr.itrd 
liy 70 engravings. 8vo. 508 pages .... J5.00 

CROOKES.— Select Methods in Chemical Aoalysis (Chiefly 
Inorganic) : 
By William Crookes, F. R. S., V. P. C. S. ad edition, re-wi iiten 
and greatly enlarged. lUnslrated by 37 wood-cuts. 725 pp. 8vo. gS.OO 

CRISTIANI.— A Technical Treatise on Soap and Candles: 
With a Glance at the Industry of Fats and Oils. By R. S. Cris 
TIANI, Chemist, Author of " Perfumery and Kindred Arts." lUu.-. 
(rated by 176 engravings. 581 pages, 8vo. . . . Sj.5C 

CRISTIANI.— Perfumery and Kindred Arts; 
A Comprehensive Treatise on Perfumery, containing a History of 
Perfumes from the remotest ages to the present time. A complete 
detailed description of the various Materials and Apparatus used in 
the Perfumer's Art, with thorough Practical Instruction and caieful 
Formula, and advice for the fabrication of all known preparations of 
the day, including Essences, Tinctures, Extracts, Spirits, Waters, 
Vinegars, Pomades, Powders, Paints, Oils, Emulsions, Cosmetics, 
Infusions, Pasliiles, Tooth Powders and Washes, Cachous, Hair Dyes, 
Sachets, Essential Oils, Flstvoring Extracts, etc. ; and full details for 
making and manipulating Fancy Toilet Soaps, Shaving Creams, etc., 
by new and improved methods. With an Appendix giving hints and 
advice for making and fermenting Domestic Wines, Cordials, Liquors, 
Candies, Jellies, SvTOps, Colors, etc., and for Perfiiming and Flavor- 
ing Segars, Snuff and Tobacco, and Miscellaneous Receipts for 
various useful Anair^ous Articles. By R. S. Cristjani, Con- 
sulting Chemist and Perfumer, Philadelphia. Svo. . . tSOO 

DAVIDSON.— A Practical Manual of House Painting, Grain- 
ing, Marbling, and Sign- Writing : 
Containing full information on the processes of House Painting in 
Oil and Distemper, the Formation of Letters and Practice of Sign- 
Writing, the Principles of Decorative Art, a Course of tiementaty 
Drawing for Hoase Painters, Writers, etc., and a Collection of Useful 
Receipts. With nine colored illustrations of Woods and Marbles, 
and ntnnerous wood engravings. By Ellis A. Davidson. i2mo. 

lAVIES.— A Treatise on Earthjr and Other Minerals and 

Mining : 
By D. C. DAVtES, F. G. S., Mining Engineer, etc. Illustrated by 
75 Ensravitij^s. i2mo S5.00 
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DAVIES.— A Treatise on Metalliferous Minerals and Mining; 
!iy D. C. Davies, F. G. S., Mining Engineer, Examintr of Mines 
Quarries and Collieries, Illustrated by 148 engravings of Geological 
Formalions, Mining Operations and Machinery, drawn from tht 
pr.icliee of all parts of the world, ad Edition, izmo., 450 pages P5.o(.> 

UAVIES.— A Treatise on Slate and SUte Quarrying: 
Scientific, Practical and Commercial. By D. C. Davies, F. G. P.. 
Mining Engineer, etc. With numerous illustrations and foldir. 1 
plates. i2mo Sj.o ' 

DAVIS.— A Treatise on Steam-Boiler Incrustation and Meth- 
ods for Preventing Corrosion and the Formation of Scale .■ 
15y Charles T. Davis, Illustrated by 65 engravings. 8vo. Si. 50 

DAVIS.— The Manufacture of Paper: 

Being a Descripuon of the vatioui Processes for the Fabrication, 
Coloring and Finishing of every kind of Paper, Including the Dif- 
ferent Raw Materials and the Methods for Determining their Values, 
the Tools, Machines and Practical Details connected with an intelli- 
gent and a profitable prosecution of Che art, vith special reference to 
the best American Practice. To which are addeii a History of Pa- 
per, complete Lists of Paper-Making Materials, List of American 
Machines, Tools and Processes used in treating the Raw Materials, 
and in Making, Coloring and Finishing Paper. By Charles T. 
Davis. Illustrated by 156 engravings. 608 pages, Svo. S6.00 

DAVIS,— The Manufacture of Leather: 
Being a description of all of the Proces-es for the Tanning, Tawing, 
Currying, Finishing and Dyeing of every kind of Leather ; including 
the various Raw Materials and the MBtlio<l9 for Determining their 
Values; the Tools, Machines, and all Details of Importance con- 
nected with an Intelligent and Profitable Prosecution of the Art, with 
Special Reference to the Best American Practice. To which are 
added Complete Lists of ail American Patents for Materials, Pro- 
cesses. Tools, and Machines for Tanning, Currying, etc. By ChaklilS 
Thomas Davk. Illustrated by 302 engravings and I3 Samples of 
Dyed Leathers, One vol., Svo., 834 pages . . . Jio.on 

DAWIDOWSKY— BRANNT.— A Practical Treatise on the 
Raw Materials and Fabrication of Glue, Gelatine, Gelatine 
Veneers and Foils, Isinglass, Cements, Pastes, Mucilages, 

l!.ised' upon Actual Experience. By F. Dawiixuvsky, Technical 
Chemist. Translated from the German, with extensive additions, 
including a description of the most Recent American Processes, by 
William T. Brannt, Graduate of the Royal Agricultural College 
of Eldenl, Prussia, 35 Engravings. l2mo. . . . Ja-SO 

DE GRAFF,— The Geometrical Stair-Builders' Guide; 

Being a Plain Practical System of Hand -Railing, embracing all itj 
necessary Details, and' Geometrically Illustrated by twenty-two Steel 
Engravings; together with the use of the most approved principles 
«f Practical Geom^ry. By SlMON De Graff, Architect 410. 
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DEKONINCK— DIETZ.— A Practical Manual of Chemica! 
Analysis and Assaying ; 
As applied to ihe Manufactui e of Iron from its Ores, and to Cast Iron, 
Wrought Iron, and Sled, as found in Commerce. By L. L, Dk 
KoNiPJCK, Dr. Sc, and E. Dietz, Engineer. EHiied wilb Note*, liy 
Robert Mallet, F. R. S., F. S. G.. M. I. C. E., etc. Americsit 
Edition, Edited with Notes and an Appendin on Iroc Ores, by A. A. 
Fesquet, Chemist and Engineer, izmo. . . . $2.^0 

nUNCAN.— Practical Surveyor's Guide: 
Containing the neces-sary information to make any person of com- 
mon capacity, n finished land surveyor without the aid of a teacher, 
By Andrew DutJcAN. Illustrated, iimo. . . , Si. 25 

DUPLAIS. — A Treatise on the Manufacture and Distillation 
of Alcoholic Liquors : 
Comprising Acturale and Complete Details in Regard to Alcohol 
from Wine. Molasses. Beets, Grain, Rice, Potatoes, Sorghum, Aspho- 
del, Fruits, etc. ; with the Di-tillalion and Rectification of Brandy. 
Whiskey, Rum, Gin, Swi^s Absinthe, etc., the Prepatption of Aro- 
matic Waters, Volatile Oils or Essences, Sugars, Syrups, Aromatic 
Tinctures, Liqueurs, Cordial Wines, Effervescing Wines, etc., the 
Ageing of Brandy and Ihe improvement of Spirits, with Copious 
Directions and Tables for Testing and Reducing Sjiiritnous Liquors, 
etc., etc. Translated and Edited from the French of MM. Duplais, 
Ain* el Jeune. By M. McKENNIi, M. D. To which are added the 
United Slates Imemal Revenue Regulations for Ihe Assessment and 
Collection of Taxes on Distilled Spirits. Illustrated by fourteen 
foldingplatesandseveralwoodengraviiigs. 743 pp. Svo. gio 00 
□USSAOCE.— Practical Treatise on the Fabrication of Matches, 
Gun Cotton, and Fulminating Powder. 
By Professor H. DussAVCE. i2mo S3 oc 

DYER AND COLOR-MAKER'S COMPANION: 
Containing upwards of two hundred Receipts for making Colors, on 
the most approved principles, for all the various styles and fabrics now 
in existence; with the Scouring Process, and plain Directions for 
Preparing, Washing-off, and Finishing the Goods, izmo. §■ ?S 

EDWARDS. — A Catechism of the Marine Steam-Engine, 
For the use of Engineers, Firemen, and Mechanics. A Practical 
Work for Practical Men, By Emory Edwards, Mechanical Engi- 
neer. Illustrated by sixty-three Engravings, including examples of 
(he most modern Engines. Third edition, thoroughly revised, with 
much additional matter, izmo. 414 pages . . . $2 00 

EDWARDS. — Modem American Locomotive Engines, 
Their Design, Construction and Management. By Emory Edwards. 
Illustrated izmo $2-00 

EDWARDS.— The American Steam Engineer: 

Theoretical and Practical, with eximple-^ of the latest and most ap- 
proved American practice in the design and con^^truction of Steam 
Engines and Boilers. For the use of engineers, machinists, boiler- 
»>8kers, and engineering students. By EMORY EDWARDS. Fully 
■.Uuatraled, 419 pages. i2mo. .... $2.50 
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EDWARDS. — Modem American Marine Engines, Boilers, and 

Screw Propellers, 

Thdr Design and Con-iniction. Shoning the i'resent PrnfiECe ol 

the mosl Eminent Engineers and Marine Engine Builders in the 

United Slates. Illustrated by 30 lai^e and elaborate plates. 4to. SS-oo 

EDWARDS.— The Practical Steam Engineer's Guide 
In die Deagn, Construction, and Management of American Stationary, 
Ponabk, and Steam Fire-Engines, Steam Pumps, Boilers, Injectors, 
Clovernors, Indicators, Pistons and Rings, Safety Valves and Steam 
Gauges. For the use of Engineers, Firemen, and Steam Users. By 
Emoky Edwards. Illustrated by 119 engravings. 420 pages, 
l2mo Sz 50 

EISSLER — The Metallurgy of Gold : 

A Practical Trealise on the Metailurgical Treatment of Gold-Bear- 
iiig Ores, including the Processes of Concentration and CIdorinalion, 
and the Assaying, Melting, and Refining of Gold. By M. ElssLER. 
With 90 Illustrations. 188 [.p. I3nio «3 <» 

ELDER.— Conversations on the Principal Subjects of Politick' 
Economy, 
By Dr. William Elder. 8vo Jj 5c 

ELDER.— Questions of the Day, 
Economic and Social. By Dr. William Elder. 8vo. . ^3 oo 

ELDER.— Memoir of Henry C. Carey. 
By Dr. William Elder. 8vo. clmh 75 

ERN I.— Mineralogy Simpliiied. 
Easy Melhods of Deteiminiiig and Clas^fying Minerals, including 
Ores, by means of the Blow] ipe, and by Humid Chemical Analysis, 
based on Professor von Kubell'a Tables for the Det^mlnation of 
Minerals, with an Introduction to Modem Chemistry. By Henry 
Erni, A.M., M.D., Profes.sor of Chemistry. Second Edition, rewritten, 
enlarned nnd improved, ismo. S3 oc 

FAIRBAIRN.— The Principles of Mechanism and Macbineo 
of Transmission - 
Comprising the Prmciples of Mechanism, Wheels, and PuUevs. 
Strength and Proportions of Shafts, Coupling of Shafts, and Engjg. 
ing and Disengaging Gear. By Sir William Eairbairn, Bait. 
C. E. Beautifully illustialed by over 150 wood-cuts. In oue 
volume, l2mo $z.^c 

rLBMlNG.— Narrow Gauge Railways in America, 

A Sketch of their Rise, Progressi, and Success. Valuable Statistics 
as to Grades, Curves, Weight of Rail, Locomotives, Cars, etc. liy 
Howard FLEMiNd. Illustrated, Svo Si os 

FORSYTH.— Book of Designs for Headstones, Mural, and 
other Monuments; 
Containing 7S Designs. By James Foesvth. With an Introduction 
bv Charles BouTELi, M. A. 4 10., cloih . ■ 8500 
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FRANKEI HUTTER.— A Practical Treatise on the Manu- 
facture of Starch, Glucose, Starch-Sugar, and Dextrine : 
Based on the German of Ladislaus Vo\ Wagner, Professor in the 
Royal Technical High School, Biu'a-Pest. Hungary, and oihc 
Hiuhotities. By Julius Frankel, Graduate of the Polytechnic 
School of Hanover. Edited by Robert Hvtter, Chemist, Praciicrt 
Manufacturer of Starch-Sugar. Illustrated by 5S engravings, cover- 
ing every branch of the aubjecl, including examples of the moat 
Recent iad Best American Machinery. Svo., 344. pp. . S3.50 

GEE.— The Goldsmith's Handbook: 
Contdning full inslructiona for the Alloying and Working of Gold, 
including the Art of Alloying, Melting, Reducing, Coloring, Co\- 
lecting, and Refining; the Processes of Manipulation, Recover)- of 
Waste; Chemical and Physical Projieriies. of Gold; with a New 
System of Mixing iB Alloys; Solders, Enamel n, and other Uselul 
Rules and Rrdpes. By George E. Gee. izmo. . S'-75 

GEE.— The Silversmith's Handbook: 
Containing full insiruclions for the Alloying and Working of Silvei, 
ineloding the different modes of Refining and Melting the Metal ; iw 
Soldeis; the Preparation of Imitation AUoys; Methods of Manipula- 
tion ; Prevention of Waste ; Instructions for Improving anil Finishing 
the Surface of the Work ; together with other Useful Information and 
Memoranda, By George E. Gee, Jeweller. Illustrated. i2mo- 

GOTHIC ALBUM FOR CABINET-MAKERS: 

Designs for Gothic Furniture. Twenty-three plates. Ohiong J2.00 

GREENWOOD.— Steel and Iron: 
Comprising the Practice and Theory of the Several Methods Pur- 
sued in (heir Manufacture, and of their Treatment in the Rolling- 
Mills, the Foi^, and the Foundry. By William Henry Gkeen- 
WOOD, F.C.S.ASSO. M.I.C. E., M. I. M. E., Associate of the Royal 
School of Mines. With 97 Diagrams, 536 pages. l2mo. . Ja.oo 

GREGORY.— Mathematics for Practical Men: 

Adapted to the Pur^uiH of Surveyors, Architects, Mechanics, and 
Civil Engineers. By Olinthus Gregory. 8vo., plates . Sroa 

DRIER.- RuralHydraulics: 
A Practical Treatise on Rural Household Water Supply. Giving a 
full description of Springs and Wells, of Pumps and Hydraulic Ram, 
with Instructions in Cistern Building, Laying of Pipes, etc. Ev W 
W. GkieR. Illustrated Svo. .... •jc 

GRIMSHAW.— Modern MiUing r 

Being the substance of two addres-ies delivered by request, at the 
Franklin Institute, Philadelphia, Inuuary 19th and January 27th 
1881. By Robert Grimshaw, Ph. D. Edited from the Phono- 
graphic Reports. With 28 Illustrations. Svo. 

SRIMSHAW.—Saws : 
The History, Development, Action, Classification, and Comparison 
of Saws of all knids. IVi/i Copious Appendices. Giving the details 
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of Manufaclure. Filing, Selling, Gumming, etc. Care and Use ot 
Saws; Tables of Gauges; Capacities of Saw-Mills; List of Saw. 
Patents, and other valuible information. By Robert Grimshaw. 
Second and greatly enlarged edition, wilh SuppUmmt, and 354 Illus- 

t rations. Quaito S4.O' 

GRIMSHAW.— A Supplement to Grimshaw on Saws: 
Containing additional practical matter, more especinlly relying tn thp 
Forms of Saw-Teeth, for special material and condiiions, and to tlie 
Behavior nf San's under particular conditions. 120 Illusiraiioni. By 

Robert Grtmshaw. Quarto 

GRIS WOLD.— Railroad Engineer's Pocket Companion for the 
Field: 
Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and Angles, and all Necessary Tables for En- 
gineers; also the Art of Levelling from Preliminary Survey to the 
Construction of Railroads, intended Expressly for the Young En- 
gineer, together wilh Numerous Valuable Rules and Examples. Ey 

W. Griswold, i2mo., tucks Si-?5 

GRVNER.— Studies of Blast Furnace Phenomena; 

By M. L. Gri;ner, President of the General Council of Mines of 
France, and lately Professor of Metallurgy at the Ecole des Mines. 
Translated, with the author's sanction, wilh an Appendix, hy L. D. 

B. Gordon, F. R. S. E., F. G. S. 8vo. . . , ga.jc 

Hand-Book of Useful Tables for the Lumberman, Farmer and 
Mechanic 1 
Containing Accurate Tables of Logs Reduced to Inch Board Mens, 
ure, Plank, Scantling and Timber Measure; Wages and Reni, by 
Week or Monthj Capacity of Granaries, Bins aiid Cisterns; Land 
Measnte, Interest Tables, with Directions for Finding the Interest on 
any sum at 4, 5, 6, 7 and S per cent., and many other Useful Tables. 
32 mo., boards. I S6 pages ,2: 

HASERICK.— The Secrets of the Art of Dyeing Wool, Cotton, 
and Linen, 
Including Bleaching and Coloring Wool and Cotton Hosiery and 
Random Yarns. A Trealise based on Economy and Praclice. B'- 
E. C. HasEKICK. Illustrated by 323 Dyed Patlerns of Ike Yarm 
or Fairies. 8vo Sii.SC 

HATS AND FELTING: 

A Practical Treatise on their Manufacture. By a Practical Hatter. 
Illustrated by Drawings of Machinery, etc. 8vo. . . S'.^^ 

HOFKER.— A Practical Treatise on Caoutchouc and Gutta 
Percha, 

Comprising the Properties of the Raw Mnlerials, and ihe manner of 
Mixing and Working them ; with the Fabrication of Vulcanized a;id 
Hard Rubbers, Caoutchouc ind Gutta Peccha Compositions, Water. 
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proof Subslances, Elastic Tissues, the Uliliiation of Waste, etc., eic. 
From the German of Ratmund Hoffeh. By W. T. J^rankt. 
Illustraied izmo , . , 8250 

HOFMANN.— A Practical Treatise oa the Manufacture of 
Paper in all its Branches : 
By Carl Hofmann, T-ale Superintendent of Papet-Mills in Germany 
and the United Slates; recently Manager of Ihe •'Public Ledser" 
Paper. Mills, near Elkton, Maryland, Illustrated by no wood en- 
gravinES, and five large Folding Plates. 410., clolh; about 400 
pages J35J30 

H'JQHES.— American Miller and Millwright's Assistant: 
By William Carter HuoHEs. i2mo Si. 50 

HULME.— Worked Examination Questions in Plane Geomet- 
rical Drawing : 
For the Use of Candidates for Ihe Royal Military Academy, Wool- 
wieh; Ihe Royal Military College, Sandhur-t ; the Indian Civil En- 
gineering College, Cooper's Hill ; Indian Pul)iic Works and Tele- 
graph Departments; Royal Marine Lii^ht Infantry; the Oxford and 
Cambridge Local Examinations, etc. liy F. Edwabd Hulme, F. I_ 
S., F. S. A„ Art-Master Marlborough College. Illustrated by 300 
examples. Small quarto ii vt 

JERVIS.— Railroad Property: ^ 

A Treatise on the (::onslruciion and Management of Railways; 
designed 10 aiford useful knowledge, in the popular slyle, lo the 
holders of this class of properly ; as well as Railway Managers, Offi- 
cers, and Agents. By JOHN B- JeRvis, lale Civii Engineer of the 
Hudson River Railroad, Crolon Aqueduct, etc. izmo.,clolh S2-™> 

KEENE.— A Hand-Book of Practical Gangling : 
For the Use of Beginners, to which is added a Chapter on Distilla. 
tinn. de'cril'iiig (he process in operation at the Cuslum-I louse for 
ascrrNiivLing the Strength of Wines. By James B. Keene, of H. M. 
Customs. 8vo 31.25 

KELLEY.— Speeches, AddrcEses, and Letters on Industrial and 
Financial Questions : 
By Hon. William D. Kellev, M. C. 544 pages, 8vo. . S3.00 

KELLOGG.— A New Monetary System ; 

The only means of Securing rhe respective Rights of Labor aud 
Properly, and of Protecting Ihe Public from Financial Revulsions. 
By Edward Kellogg. Revised from his work on "Laljor and 
other Capital." With numerous additions from his miiniisciipt. 
Edited by Mary Kellogg Putnam. Fifih edition. To which ia 
added a Biographical Sketch of the Author. One volume, i2mo, 

, Bound in cloth 1.50 

KEMLO.— Watch- Repairer's Hand-Book: 

Being 1 Complete Guide to the Young Beginner, in Taking Apa.rt, 
Pulling Together, and Thoroughly Cleaning the English Lever and 
other Foreiijn Watches, and all American Watches. By F. Kemlo, 
liractical Watchmaker. With lUi ■ ** - 
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KENTISH.— A Treatise on a Box of Instrutnents, 

And ihe SUile Rule; wilh the Theoiy of Ttigonomelry and Loga 
ritlims, including Practical Geometry, Surveying, Measuring of Tim. 
ber. Cask and Malt Gauging, Heights, and Distances. By Thomas 
Kentish. In one volume. i2mo. .... gi.M 

KERL.— The Assayer's Manu«l: 

An Abridged Trealise on ihe Docimastic Examination of Ores, and 
Fnrnnce and other ArliKci.d ProducLs. By Britno Keel, Professor 
in Ihe Royal Schnc.l of Mines. Translated from the German by 
Wlu.iAM T. Brannt. Second American edition, edited with Ex- 
tensive Additions Iw F. Lynwood Garrison, Member of the 
American Institute of Mining Engineers, e(c. lUuBlrated by 87 en- 
gravings. 8vo S3.00 

IviCK.— Flour Manufacture . 
A Treatise on Milling Science and Practice. By Frederick Kick, 
Imperial Regierungsmth, Professor of Mechanical Technology in the 
imperial German Polytechnic Institute, Pr.igue. Translated from 
the second enlarged and revised edition with supplement by H, H. 
P. fowLES, Assoc. Memb. Institution of Civil Engineers. Illustrated 
with iS Plates, and 167 Wood-cuts. 367 pages. 8vo. . Jio.oo 

KINQZETT. — The History, Products, and Processes of the 
Alkali Trade : 
Including Ihe most Recent Improvements. By CHARLES THOMAS 
KiNGZETT, Consulting Chemist. With 23 illustrations. 8vo. $2.50 

KINSLEY.— Self-Instructor on Lumber Surveying: 
For the Use of Lumber Manufaclarers, Surveyors, and Teachers. 
By Charles Kinsley, Practical Surveyor and Teacher of Surveying. 

KIRK.— The Founding of Metals : 

A Practical Trealise on the Melting of Iron, with a Description of the 
Founding of Alloys ; also, of all Ihe Metals and Mineral Substances 
used in the Art of Founding. Colleaed from original sources. Bj 
Edward Kirk, Practical Foundryman and Chemist. Illustrated. 
Third editron. 8vo Sa.SO 

LANDRIN.— A Treatise on Steel : 
Comprising its Theory, Metallurgy, Properties, Practical Working, 
and Use. By M. H. C. Landrin, Jr., Civii Engineer. Translated 
from the French, with Notes, by A. A. Fesquet, Chemist and En- 
gini^er. With an Appendix on the Bessemer and the Martin Pro- 
rp!=es for Manufacturing Steel, from the Report of Aljrnm S, Hewitt 
United States Commissioner to the Universal Exposition, Paris, 1867, 
lamo S3.0C 

I.ARDEN.— A School Course on Heat; 
By W. Larden, M. A. 321 pp. lamo Sa.oo 

(.ARDNER.- The Steam - Engine : 
far the Use of Beginneis. By Dr. Lardner. Illustrated, izmo. 

75 
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LARKIN.— The Practical Brass and Iron Founder's Guide; 

A Concise Treatise on Brass Founding, Moulding, the Metals and 
their Alloys, etc.; lo which are added RecenL ImproveniL-iUs in the 
Manitiacture of Iron, Steel by the Be55enier Process, e(c., etc. By 
James Larkin, late Condiiclor of the Brass Foutidry Department i[[ 
Reany, Neaiie Br Co.'s Penn Works, Philadelphia. Fifth edition, 
revised, with extensive additions. lamo. , . . 83.25 

[;EROUX..— A Practical Treatise on the Manufacture ol 
Worsteds and Carded Yarns : 
Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning; Sorting, Cleaning, and Scouring Wools; the English 
and French Methods of Comhing, Drawing, and Spinning Worsteds, 
and Manufacturing Carded Yarns. Translated from the French of 
Charles Leroux, Mechanical Engineer and Superintendent of a 
Spinning-Mill, by Horatio Paine, M. D., and A. A. Fesquet, 
Chemist and Engineer. Illustrated by twelve laige Plates. To which 
is added an Appendix, containing Extracts from the Reports of the 
Iiilemalional jury, and of the Anisans selected by the Committee 
appointed by the Council of the Society of Arts, London, on Woolen 
and Worsted Machinery and Fabrics, as exhibited in the Paris Uni- 
versa! Exposition, 1867. 8vo. S5.00 

LEPPEL— The Constnicticn of MilUDams: 

Comprising also the Building of Race and Reservoir EmbanltmenlJ 
and Head-Gates, the Measurement of Streams, Gauging of Water 
Supply, etc. By James Lkffel & Co. Illustrated by 58 engravings. 
i*''o ■. . . . $3.so 

LESLIE.— Complete Cookery: 
Directions for Cookery in its Various Branches. By Miss Leslie. 
Sixtieth thonsand. Thoroughly revised, with the addition of New 
Receipts. In i2mo., cloth S'-So 

LIEBBR.— Assayer's Guide : 

Or, Practical Directions to Assayers, Miners, and Smellers, for the 
Tests and Assays, by Heat and by Wet Processes, (or the Ores of all 
the principal Metals, of Gold and SUver Coins and Alloys, and of 
Coal, etc. By Oscar M. Lieber. i2mo. . . . Si. 25 

Lockwood's Diclioaary of Terms : 

Used in the Practice of Mechanical Engineering, embracing those 
Current in the Drawing Office, Pattern Shop, Foundry, Fitting, Turn- 
ing, Smith's and fioiler Shojis, etc., etc,, comprising upwards of Six 
Thousand Definitions. Edited by a Foreman Pattern Maker, author 
of " Pattern Making." 417 pp. l2mo. . . . S3. 00 

I^VE.— The Alt of Dyeing, Cleaning, Scouring, and Piaisli- 
ing, OD the Most Approved English and French Methods : 
Being Practical Instrnciions in Dyeing Silks, Woolens, and Cottons, 
Feathers, Chips, Straw, etc. Scouring and Cleaning Bed and Win- 
dow Curtains, Carpels, Rugs, etc. French and English Cleaning, 
any Color or Fabric of Silk, Satin, or Damask. By Thomas Love, 
a Working, Djer and Scourer' Second American Edition, to which 
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are added General Instructions for the use of Aniline Colors. 

343 pages 

LUKIN.— Amongst Machines: 

Embracing Descriptions ol tiie various Mechanical Appliance 
in the Manufacture of Wood, Metal, and other Substances, tz 



51-7S 

LUKIN.— The Young Mechanic i 
Practical Carpentiy. Containing Directions for the Use of all kinds 
of Tools, and for Construction of Sle am -Engines and Mechanical 
Models; including the Art of Turning in Wood and Metal. By John 
LuKlN, Author of "The Lathe and lis Uses,'" etc. Illustraled, 
lamo *I75 

MAIN and BROWN.— Questions on Subjects Connected with 

the Marine Steatn-Engine : 

And Examination Papers; with Hints for their Solution. By 

Thomas J. Main, Professor of Mathematics, Royal Naval College, 

andTHOMAsBROWN, Chief Engineer, R.N. i2mo„ cloth . Si. 50 

MAIN asd BROWN.-T-The Indicator and Djmamometer : 
With their Practical Applications to the Steam-Engine. By Thomas 
J. Main, M. A. F. R., Ass't S. Professor Royal Naval College, 
Portsmouth, and ThoMAs Bkhwn, Assoc. Inst. C. E., Chief Engineer 
R, N,, attached to the R. N. College. Illustrated. 8vo. . 81,50 

MAIN and BROWN.— The Marine Steam-Engine. 
By Thomas J. Main, F. R. Ass't S. Mathematical Professor at the 
Royal Naval College, Portsmouth, and Thomas Brown, Assoc. 
Inst. C. E., Chief Engineer R. N. Attached to the Royal Naval 
Collegr. With numerous illustrations. Svo. . . . 85.00 

MARTIN. — Screw-Cutting Tables, for the Use of Mechanical 



Shownig the Proper Arrangement of Wheels for Cutting the Threads 
of Screws of any Renuired Pilch ; with a Table for Making Ihe Uni- 
versal Gas-Pipe Thread and Taps. By W. A. Maktin, Engineer. 

MICHELL.— Mine Drainage: 

Being a Complete and Practical Treatise on Direct-Acting Under. 
ground Steam Pumping Machinery. With a Description of a large 
number of the best known Engines, their General Utility and the 
Special Sphere of their Action, the Mode of their Application, and 
their Merits compared with other Pumping Machinery. By Stephen 
Michell. lUnslraled by 137 engravings. 8vo., Z77 pages . 86.0a 
MOLESWORTH.— Pocket-Book of Useful Formula and 
Memoranda for Civil and Mechanical Engineers. 
By Gt;[i.FORD L. Molesworth, Member of the Institution of Civi! 
Engineeis, Chief Resident Engineer of the Ceylon Railway. Full- 
bound in Pocket-book form 81.011 
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MOORE.— The Universal Assistant and the Complete Me- 

Covitaiiiing over one million Imiustrial Facls, Calculations, Receipts, 
Processes, Trades Secrets, Rules, Busineis Forms, Legnl Items, Etc., 
>B every occupation, froin Ihe Household to the Maiiufactoiy, Bj 
R.Moore. Illustrated by 500 Engravings. i2mo. S2.511 

MORRIS.— Easy Rules for the Measurement of Earthworka : 
By means of the Prismoidal Formula. Illustrated with Numerom 
Wood-Cuts, Problems, and Examples, and concluded by an Exten- 
sive Table for finding the Solidity in cubic yards from Mean Areas, 
The whole being adapted for convenient use by Eiigineers, Surveyors, 
ConlractOTS, and others needing Correct Measurement? 0/ Earthwork. 
By Ei-woon l«ORR[s, C. E. Svo S1.50 

MORTON.— The System of Calculating Diameter, Circumfer' 
ence. Area, and Squaring the Circle: 
Together with Interest and Miscellaneous Tables, and other informa- 
tion. By James Morton. Second Edition, enlarged, with the 
Metric System, izmo Sl-OO 

NAPIER.— Manual of Electro-Metalluigy: 

Including the Application of the Art to Manufacturing Processes. 
By Tames Napier. Fouith American, from the Fourth London 
edition, revised and enlai^ed. Illustrated by engravings. 8vo. 

NAPIER.- A System of Chemistry Applied to Dyeing. 
By James Napier, F. C. S. A New anil Thoroughly Revised Edi- 
tion, tjjmpietely brought up to the present state of the Science, 
mcluding the Chemistry of Coal Tar Colors, by A, A. Fesqoet, 
Chemist and Engineer. With an Appendix on Dyeing anti Caiico 
Printing, as shown at the Universal Exposition, Paris, 1867. Illus- 
trated. 8vo. 42I pages $5°^ 

NEVILLE.— Hydraulic Tables, Coefficients, and Formula, for 
finding the Discharge of Water from Orifices, Notcbes, 
Weirs, Pipes, and Rivers ; 
Third Edition, with Additions, consisting of New Formulie for the 
Discharge from Tidal and Flood Sluices and Siphons; general infor- 
mation on Rainfall, Calchment-Basiiis, Drdnage, Sewerage, Waier 
Supply for Towns and Mill Power. By loHN Neville, C. E. M. R, 
I. A.; Fellow of the Royal Geological Society of Ireland. Thick 
l2mo 15.50 

NEWBERY.— Gleanings from Ornamental Art of ever; 
style : 
Drawn from Examples in the British, South Kensington, Indian, 
Crystal Palace, and other Museums, the Exhibitions of 1851 and 
1862, and Ihe best English and Foreign works. In a series of lOO 
exquisitely drawn Plates, containing many hundred examples. ]iy 
Robert Newberv. 4to. Si2-5o 

NICHOLLS. —The Theoretical and Practical Boiler-Maker and 
Engineer's Reference Book: 
CToiitaining a variety of Useful Information for Employers of Labor. 
Foremen and Wotliins Boiler- Makers, Iroi, Copper, and Tinsniithsr 
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Draughtsmen, Engineers, the General Steani-u»ng Pablic, and for the 
Use III Science Schools ami Classes. By Samuel Nicholis. lllus. 
trated by sixteen plates, I2mo. (2.50 

KICHOI.SON.— A Manual of tbe Art of Bookbinding : 
Containing full inslruclion^ in the diillcrenc Branches of Forwarding, 
Gilding, and Finishing. Also, the Art of Marbling Eook-edges and 
Paper. By James B. Nicholson. Illnslrated. lamo., cloth $2.25 

HICOLLS.— Tbe Railway Builder: 

A HandBook for Estimating the Probable Cosl of American Rail- 
way CoiiSlrucfion and Equipment, By WlLLIAM J. NlCOLLS, Civil 
EnRineer, Illustrated, full bound, pocket-book form . Sz.oo 

HORMANDY.— The Cotnmercial Handbook of Chemical An- 

Or Practical Instructions for the Delerminntion of [he Intrinsic o( 
Commercial Value ol Substances used 111 Manafactures, in Trades, 
and in ihe Arts. By A. Normandy. New Edition, Enlarged, and 
to a great extent rewritten. By Henry M. Noad, Ph.D., F.R.E., 
thick lamo 8;.ot 

NORRIS.— A Handbook for Locomotive Engineers and Ma- 
chinists : 
Comprising the Proportions and Calculations for Constructing Loco- 
motives; Manner of Setting Valves; Tables of Squares, Cuhes, Areas, 
etc, etc. By Septimus Norris, M. E. New edition. Illustrated, 
■3mo (1.50 

K YSTROM.— A New Treatise on Elements of Mechanics : 
Establishing Sliict Precii^ion in (he Meaning of Dynamical Terms: 
accompanied with an Appendix on Duodenal Arithmetic and Me 
trol<^y. By JOKN W. NvsTROM, C. E. Illustrated. 8vo. $2.oa 

NYSTROM. — On Technological Education and tbe Construc- 
tion of Ships and Screw Propellers: 
For Navai and Marine Engineers. By John W. Nystrom, I,ne 
Acting Chief Engineer, U. S. N. Second edition, revised, with addi- 
tional matter. Illustrated by seven engravings. i2mo. . (1.50 

O'NEILL. — A Dictionary of Dyeing and Calico Printing: 
Containing a brief account of all Ibe Substances and Processes in 
use in the Art of Dyeing and Printing Textile Fabrics ; with Practical 
Receipts and Scientific Informalion. By Charl£s O'Neill, Analy- 
tical Chemist. To which is added an Essay on Coal Tar Colors and 
their ajqilicalion to Dyeing and Calico Printing. By A. A. Fbsqi;et, 
Chemia and Engineer. With an appendix on Dyeing and Calico 
Printing, as shown at the Universal Exposition, Paris, 1867- Svo., 
491 pages 8;.OQ 

ORTON. — Underground Treasures-. 

How and Where 10 Fmd Them. A Key for the Ready Determination 
of all the Useful Minerals within the United Slates. By James 
ORTON, A.m., Late Professor of Natoral History in Vassar College, 
N. v.; Cor. Mem. of tbe Academy of Natural Sciences, Philadelphia, 
and of the Lyceum of Natural History, New York ; author of the 
" Andes and Ihe Amazon," etc, A New Edition, with Addition,, 
Illustrated Si. JO 
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OSBORN.— The Metallurgy of Iron and Stee! : 

Theoretical and Pvaclical in all its Branches; with -pedal rc-T-nce 
to American Materials and Processes. I!y II. S. O.hokn, LL. D., 
Professor of Mining and Meialktrgy in l.afayette CoUeEC, Easton, 
Pennsylvania. Illustrated by numerous lai^e folding plates and 
wood-engravings. 8vo. 8^5-00 

OSBORN.— A Practical Manual of Minerals, Mines and Min- 
ing; 
Comprising (he Physical Properties, Geolojjic Positions, Local Oicur- 
rence and Associations of the Useful Minerals; their Methods of 
Chemical Analysis and Assay i together with Various .Systems of 
Excavating and Timbering, Brick and Masonry Woili, during Driv- 
ing, Lining. Bracing and other Operations, ele. By Prof, H, S. 
OsBORN, LL. D., Author of the " Metalluray of Iron and Steel," 
illustrated by 171 engravings from original drawings. Svo. (4.50 

OVERMAN.— The Manufacture of Steel : 
Containing the Practice and Principles of Working and Making Steel. 
A Handbook for Black^^roiths and Workers in Steel and Iron. Wagon 
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Hard- 
ware, of Steel and Iron, and for Men of Science and Art. By 
Frederick Overman, Mining Engineer, Author of the "Manu- 
facture of Iron," etc. A new, enlarged, and revised Edition, By 
A, A. Fesquet, Chemist and Engineer, lamo. Si. 50 

OVERMAN.— The Moulder's and Founder's Pocket Guide : 
A Treatise on Moulding and Founding in Green -sand, Dry sand. Loam, 
and Cement; the Moulding of Machine Frames. Mill-gear, Hollow- 
ware, Ornaments, Trinkets. Bells, and Statues; Description of Moulds 
for Iron, Bronze, Brass, and other Metals ; Plaster of Paris, Sulphur, 
Wax. etc, ; the Constrnclion of Melting Furnaces, the Melting and 
Founding of Metals ; the Composiliim of Alloys and their Nature, 
etc., etc. By Frederick Overman, M. E. A new Edition, to 
which is added a Supplement on Statuary and Ornamental Moulding, 
Ordnance, Malleable Iron Ca.'Hings, etc. By A. A. FesQUET, Chem- 
ist and Engineer. Illustrated by 44 engravings, izmo. . fz.oo 

PAINTER, GILDER, AND VARNISHER'S COMPANION : 
Containing Rules and Regulations in everything relating to the Ait! 
of Painting, Gilding, Varnishiny, Glass- Staining, (iiaining. Marbling. 
Slgn-Wriling, Gilding on Glass, and Coach Painting; and Varnishing; 
Tests for the Deteclion of Adulterations in Oils, Colors, etc. ; and a 
Statement of the Diseases to which Painters are peculiarly liable, with 
the Simple!^! and Best Remedies. Sixteenth Edition. Revised, with 
an Appendix, Containing Colors sad Coloring — Tlieorelical and 
Practical, Comprising descriptions of a great variety of Additional 
Pigments, Iheir Qualities and Uses, to which are added. Dryers, and 
Modes and Operations of Painting, etc. Together with Chevreui's 
Principles of Harmony and Contrast of Colors. i2mo. Cloth S1.50 

PALLETT. — The Miller's, Millwright's, and Eneineer's Guide, 
By HtNUY PAi.LETr. Illustr.ited. i2mo. . . . Jl2.oo 
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PERCY.— The Manufacture of Russian Sheet-Iron. 

by John Percv, M. D., F. R, S., Lecturer on Melallui^ at the 
Royal School of Mines, and to Tlie Advance Class of Artillery 
Officers at the Royal Artillery Institution, Woolwich ; Author of 
" Metallurgy." With llluslrations. 8vo., paper . . 50 els 

PERKINS.— Gas and Ventilation : 

Praclical Treatise on Ga^ and Veniilatian. With Special RelatinB 
to Illuminating, Healing, and Cooking by Gas. Including Scientific 
Helps to Eiigineer-smdenLi and others. With Illustrated Diagrams. 

By E. E. Perkins, umo., doth 51.25 

PERKINS AND STOWE.— A New Guide to the Sheet-iron 
and Boiler Plate Roller : 
Containing a Series of Tables showing the Weight of Slabs and Pilea 
to ftoduce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar Gaug* 
in decimals; the Weight per foot, and the Thickness on the Bar or 
Wire Gauge of the fractional parts of an inch; the Weight pet 
sheet, and the Thickness on the Wire Gauge of Sheet-iron of various 
dimensions to weigh 112 lbs. per bundle; and the conversion of 
Short Weight into Long Weight, and Long Weight into Short. 
Estimated and collected by G. H. PERKms and J. G. Stowe. 82.50 

POWELI CHANCE— HARRIS.— The Principles of Glass 

Making. 
By Harry J. Powell. B. A. Ti^ether with Treatises on Crown and 
Sheet Glass; by Henry Chance, M. A. And Plate Glass, hy H. 
G. Harris, Asso. M. Insi, C. E, Illustrated iSmo. . 81,50 

PROCTOR.— A Pocket-Book of Useful Tables and Formulse 
for Marine Engineers : 
By Frank Procior. Second Edition, Revised and Enlaified. 
hull-bound pocket-book form S'-i" 

REGNAULT.— Elements of Ctaeniistry; 
By M. V. Reonault. Translated from the French by T. FoRRESt 
Betton, M. D.. 3rd edited, with Notes, iiy James C. Booth, Melier 
and Refiner U. S. Mint, and William L. Faber, Metallurgist and 
Miuing Engineer. Illustrated by nearly 700 wood -engravings. Com- 
prising nearly 1,500 pages. In two volumes, 8ro., cloth . S7.50 

RICHARDS.— Aluminium : 
lis History, Occurrence, Properties, Metallurgy and Applicalions, 
including its Alloys. By JOSEPH W. Richards, A, C, Chemist and 
Practical Metallurgist, Memiier of the Deutsche Chemische Gesell 
schili, lllu-trated by 16 engravings. I2 mo. 346 pages $2 50 

RIFFAULT, VERGNAUD, and TOUSSAINT.— A Praclitial 
Treatise on the Manufacture of Colors for Painting; 
Comprising the Oiigtn, Definition, and Classification of Colors; the 
Treatment of the Raw Materials; the best Formulee and the Newest 
Processes for the Preparation of every description of Pigment, and 
the Necessary Apparatus and Directions for its Use; Diyers; the 
Testing, Application, and Qualities of P:iints, etc., etc. By MM. 
RlFPAULf, Vekgnaur, and 'foi^-sSAINT. Revised and Edited by M. 
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F. MALEPEysE. Translated from the French, by A. A. Fesquet; 
Chemist and Engineer. Jlluslrated by Eighty engravings. In one 
vol.. 8vo., 659 oages $7.50 

ROPER.— A Catechism of High-Pressuie, or Non -Condensing 
Steam-Gngines ; 
Including the Modelling, Conslrueting, and Management of Sleani- 
Engines and Steam Boilers. With valuable illustrations. By Ste- 
phen Rdper. Engineer. Sixteenth edition, revised and enlarged. 
iSmo., tucks, gilt edge $2.00 

KO PER. —Engineer's Handy- Book: 
Containing a full Explanation of the Sleam-Engine Indicalor, and its 
Use and Advantages to Engineers and Steam Users. With Formulas 
for Estiinaling the Power of all Classes of Steam-Engines; also. 
Facts, Figures, Questions, and Tallies for Engineers who wish to 
qualify themselves for the United States Navy, the Revenue Service, 
the Mercantile Marine, or to take chaise of the Better Class of Sta- 
tionary Steam- Engines. Sixth edition. i6mo., 690 pages, tucks, 
i'ltedge S3.50 

ROPER.— Hand- Book of Land and Marine Engines : 

Including the Modelling, Construction, Running, and Managemeni 
of Land and Marine Engines and Boilers. With illustrations. By 
Stephen Roper, Engineer. Sixth edition. i2mo.,ti'cks, gilt edge. 

ROPER.- Hand-Book of the Locomotive : 

Including the Construction of Kiigines and Boilers, and the Construc- 
tion, Management, and Running of Locomotives. By Stephen 
Roper. Eleventh edition, iSmo,, tucks, gilt edge . $2.s<i 

ROPER. — Hand-Book of Modem Steam Fire-Enginea. 

With illustrations. By STEPHEN Roper, Engineer, Fourth edition, 
tjmo., tucks, giit edge 83,5? 

ROPER.— Questions and Answers fbr Engineers. 

This little book contains all the Questions that Engineers will be 
asked when undergoing an Examination for the purpose of procuring 
Licenses, and Zhey are so plain that any Engineer or Firemnn of or 
dinary intelligence may commit them to memory in a short time. By 
SrppHES Roper, Engineer, Third edition , . . S3 00 

ROPER.- Use and Abuse of the Steam Boiler. 
By Stephen Roper, Engineer. Eighth ediii<m, with illustrations. 
iSmo., tucks, gilt edge 52.00 

ROSE.— The Complete Practical Machinist : 

Embracing Lathe Work, Vise Work, Drills and Drilling, Taps snd 
Dies, Hardening and Tempering, the Making and Usu of Tools, 
Tool Grinding, Marking out Work, etc. By JoSHUA Rose. Illus- 
trated by 356 engravings. Thirteenth edition, thoroughly revised 
and in great part rewritten. In one vol., lamo., 439 pages 22.50 

ROSE. — Mechanical Drawing Se)f-Taught: 
Comprising Instructions in the Selectior and Preparation of Drawing 
Instrumems, Elementary Instruttinn in Practic.il Mechjnical Draw- 
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ing> together with Examples in Simple Geometry and Elementary 
Mechanism, including Screw Threads, Gear Wheels, Mechanical 
Moiions, Engines and Boilers. By Joshua Rose, M. E. Illustrated 
by 330 engravings. 8vo , 313 pages .... ^4.00 
ROSE.~The Slide- Valve Practically Explained: 
Embracing simple and complete Practical Demonstrations of the 
operation of each elemenl in a Slide-valve Movemenl, and illustrat- 
in° the effects of Variations in their Proportions by examples care- 
fully selected from the most recent and successful practice. Ey 
Joshua Rose, M. E, Illustrated by 35 engravings . 81,00 

ROSS. — The Blowpipe in Chemistry, Mineralogy and Geology : 
Conlaining all Known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Inslructions for Making Apparatus. By Lieut.' 
Colonel W. A. Ross, R. A., F. G. S, With 120 Illusirati.ms, 
'^""> 82.00 

SHAW.— Civil Archilectutet 
Being a Complete Theoretical and Practical System of Building, coo. 
taining the Ktindamenial Principles of the Art. By Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc. 
By Thomas W. Silloway and George M. Hakding, Architects. 
The whole illustrated by 102 quarto plates finely engraved on copper. 
Eleventh edition. 4to gio.oo 

SHUNK. — A Practical Treatise on Railway Curves and Loca- 
tion, for Young Engineers. 
By W. F. Shunk, C. E. 121110. Full bound pocket-book form S2.0& 

SLATER— The Manual of Colors and Dye Wares. 
By J. W. Slater. lamo 53-73 

SLOAN.— American Houses : 

A v^iriety of Original Designs for Rural Buildings. Illuslrsied by 
26 colored engravings, with descriptive references. By Samuel 
Sloan, Architect. 8vo. Si-so 

SLOAN. — Homestead Architecture: 

Conlaining Forty Designs for Villas, Cottages, and Farm-houses, with 
Ess:iys on Style, Constniction, Landscape Gardening, Furniture, etc., 
etc. Illustrated by upwards of 2tJ0 engravings. By Samuel Sloan, 
Architect. 8vo 83-5° 

SLOANE.— Home Experimeots in Science- 

By T. O'CONOR SloaNe, E.M-, A.M., Ph.D. Illustrated by 91 
engravings, izmo. Si-50 

SM EATON, —Builder's Pocket - Co mpanion : 

Containing the Elements of Building, Surveyiim, and Architecture j 
with Practical Rules and Instructions connected with the subject. 
By A. C. Smeaton, Civil En>.ineer, etc. ijmo. . . 51.50 

SMITH.— A Manual of Political Economy. 

By E. Peshine Smith. A New Edition, to which is added a full 
Index. l2mo. Si. 25 
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SMITH.^Parks and Pleasure-Grouads ; 

Or Praclieal N-itei on Country Residences, Villas, Public Parks, and 
Gardens. By Charles H. J. Smith, Landscape Gardener and 
Garden Architect, etc., etc. 121110. .... S2.00 

SMITH.— The Dyer's Instructor: 

Compriang Practical Instructions in the Art of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woolen Goods ; containinj; neatly 800 
Receipts. To which is added a Treatise on the Art of Padding; and 
the Printing of Silk Wsrps, Skeins, and Handkerchiefs, and the 
vsrioua Mordants and Colors for the different styles of such work. 
By Davii> Smith, Pattern Dyer. i2ino. . . . S3.00 

SMYTH.— A Rudimentary Treatise on Coal and Coal- Mining. 
Ey Warrington W. Smvth, M. A., F. R. G., President R. G. S. 
of Cornwall. Fifth edition, revised and corrected. With numer- 
ous illustrations. i2mo SI.7S 

SNIVELY. — A Treatise on the Manufacture of Perfumes and 
Kindred Toilet Articles. 
Ey John H. Snively, Phr. D., Professor of Analytical Chemistry in 
the Tennessee College of Phiirmacy. 8vo. 

SNIVELY.— Tables for Systematic Qualitative Chemical Anal- 

By John H. Snivelv, Pht. D. 8vo. .... Si-oo 

SNIVELY.— The Elements of Systematic Qualitative Chemical 
Analysis : 
A Hand-book for Beginners. By John H. Snively, Phr. D. i6tno. 
S2.00 

STEWART.— The American System : 

Speeches on Ihe Tiiriff Question, and on Interna! Improvements, 
principally delivered in the House of Representatives of the United 
States. By Andrew Stewart, late M. C. from Pennsylvania. 
With a Portrait, and a Biographical Sketch. 8vo. . . S3.00 

STOKES.— The Cabinet -Maker and Upholsterer's Companion! 
Comprising the Art of Drawing, as applicable to Cabiml Work; 
Veneering, Inlaying, and Buhl-Work ; the Art of Dyeing and StJun- 
ing Wood, Ivory, Bone, Tortoise-Shell, etc. Directions for Lacker- 
ing, Japanning, and Varnishing; to make French Polish, Glues, 
Cements, and Compositions; with numerous Recdpts, useful to work- 
men generally. By J. Stokes. Illustrated. A New Edition, with 
an Appendix upon French Polishing, Staining, Imitating. Varnishing, 
etc., etc. l2mo $1.25 

STRENGTH AND OTHER PROPERTIES OF METALS: 
Reports of Experiments on the Strength and other Properties of 
Metals for Cannon, With a Description of the Machines for Testing 
Mctab, and of the Oassiiication of Cannon in service. By Officers 
of Ihe Ordnance Departmenl, U. S. iirmy. By authority of the Secre- 
taryofWar. Illustrated by 25 lai^c steel plates. Quarto . (Iio.oq 

SULLIVAN.— Protection to Native Industry. 

By Sir Edwarii Sullivan, Baroiici. author of " Ten Chapters on 
Social Reforms." Svo S1.5Q 
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SYME.— Outlines of an Industrial Science. 

liy David Syme. lamo. . , ... 52. on 

TABLES SHOWING THE WEIGHT OF ROUND, 

SQUARE, AND FLAT BAR IRON, STEEL, ETC., 

by Measurement. Cloiii *j 

TAYLOR,— Statistics of Coal: 

Including Mineral Hituminous Substances employed in Arts and 
Manufatlures ; with their Geo^rraphical, Geolc^ical, and Commercial 
Distribution and Amount of Production and Consumption on the 
American Continent. With Incidental Statistics of the Iron Manu- 
facture. By R. C. Taylor. Second edition, revised by S. S. Halde 
MAN. Illustrated by five Maps and many wood engravings. 8vo., 
cloth Sio.oo 

TEMPLETON.^The Practical Examioator on Steam and the 

Steam- Engine: 

Wi[h Instruclivc References relative thereto, arranged for ihe Use of 

Engineers, Students, and oiheis. By William Templeton, En- 

Hneer. lamo Si-^S 

THAUSING.— The Theory and Practice of the Preparation of 
Malt and the Fabrication of Beer: 
With especial reference to the Vienna Process of Brewing. Elab- 
orated from personal experience by JULIUS E. ThAOSING, Professor 
at the School for Brewers, and at the Agricullural (nstiiule, Modling. 
near Vienna. Translated from the German by William T. Braknt. 
Thoroughly and elaboraielj edited, with much American matter, and 
according to the latest and most Scientific Practice, by A. Schwarz 
and Dr. a. H. Bauer. Illustrated by 140 Engravings. 8vo., 815 
pages gio.oo 

THOMAS.— The Modern Practice of Photography: 
By R. W. Thomas, F. C. S. 8vo 75 

THOMPSON,— Political Economy. With Especial Reference 
to the Industrial History of Nations : 
By Robert E. Thompson, M. A., Professor of Social Science in ihe 
University of Pennsylvania. lamo S1.50 

THOMSON,— Freight Charges Calculator; 
By Andrew Thomson, Freight Agent, aitmo. . , !i.25 

TURNER'S (THE) COMPANION: 

Containing Instructions in Concentric, Elliptic, and Eccentric Turn- 
i'lg; also various Plales of Chucks, Tools, and Inslrumcms; and 
Directions for using the Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest; with Patterns and Instructions for working Iheii' 
Ijmo II.^S 

TURNING : Specimens of Fancy Turning Executed on the 

Hand or Foot-Lathe : 

With Geometric, Oval, and Eccentric Chucks, and Eiliptical Cutting 

Frame. By an Amateur. Illustrated by 30 exquisite Pholognphs. 

4to S30O 

DRBIN— BRULL.— A Practical Guide for Puddling Iron and 
Steel. 
By Ed. UrbIN, Engineer of Arts and Manufactures. A I'riie Essay. 
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ngineers, Graduate of ihe School of 
e Meeiii;g..f 1865-6. To which is 
added A Comparison of the Resishnc I'roperties of Iron and 
Steel. By A. Erull. Tr,insktcil fiom t!ie French by A. A. Fes- 
QUET, Chemist and Engineer. S™. .... gi.oo 

I7AILE. — Galvanized- Iron Cornice -Worker's Manual : 
Conlajning Instruclions in Laying out the Different Mitres, and 
Malting Patterns for all kinds of Plain and Circular Work. Ahu, 
Tallies of Weights, Areas and Circumferences of Circles, and other 
Matter calculated to Benefit the Trade. Ey Charles A. Vaile. 
Illustrated by twenty-one plates. 4I0 SS.oo 

VILLE.— On Artificial Manures : 
Their Chemical Selection and Scientific Application to Agriculture. 
A series of Lectures given at the Experimental Farm at Vincennes. 
during 1867 and 1874-75. ^y M. Georges Ville. Translated and 
Edited by WiLLlAM Crookes, F. R. S. Illustrated by thirty-one 
engraving's. 8vo., 450 pages S6.00 

7tLLE. — The School of Chemiiial Manures ; 
Or, Elementary Principles in the Use of Fertilizing Agents. From 
the French of M, Geo. Ville, by A. A. Fesquet, ChemlM and En- 
gineer. With Illaslrations. i2mo *1.25 

VOODES.— The Architect's and Builder's Pocket-Companioci 
and Price-Book : 
Consisting of a Short but Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Tables of United Slates 
Measures, Sizes, Weights, Strei^lhs, etc., of Iron, Wood, Stone. 
Brick, Cement and Concretes, Quantities of Materials in given Siies 
and Dimension^i of Wood, Brick and Stone; and full and complete 
Bills of Prices for Carpenter's Work and Painting; also. Rules for 
Computing and Valuing Brick and Brick Work, Stone Work, Paint- 
ing, Plastering, with a Vocabulary of Technical Terms, etc. By 
Frank W,Vogi>es, Architect, Indianapolis. Ind. Enlai^ed, revised, 
and corrected. In one volume, 368 pages, full-bound, pocket-hook 

form, gilt edges Ja.OG 

Cloth . . 1.5a 

WAHL.— Galvanoplastic Manipulations : 

A Practical Guide tor the Gold and Silver Electropiater and me Gal- 
vanoplastic Operator. Comprising the Electro- Deposition of all 
MelaU by means of the Battery and the Dynamo -Electric Machine, 
as well as the most approved Processes of Deposition by Simple Im- 
meraon, with Descriptions of Apparatus, Chemical Products employed 
in the Art, etc. Based lai^ely on the " Manipulations Hydroplas- 

liques" of Alfred Roselei;r. By William H. Wahl, Ph. D. 
( Heid), Secretary of the Franklin Institute. Illustrated by 189 en- 

gravitigs. 8vo., 656 pages $7-S'- ■ 

WALTON.— Coal -Mining Described and Illustrated; 
By Thomas H. Walton, Mining Engineer. lUusiralcd by 24 larg- 
and elaborate Plates, after Actual Workings and Apparatus. S5.00 
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WARE.— The Sugar Beet. 

\ Including a History of the Beet Sugar Industry in Europe, Vaiietie* 
of the Sugar Beet, Examinalion, Soils, Tillajje, Seeds and Sowing, 
Yield and Cost of Cultivation, Harvesting, Trans|wHaiioii, Conserva- 
tion, Feeding Qualities of the Ueet and of the Pulp, etc By LEWIl 
S. Ware, C. E., M. E. Illustrated by ninety engravings. 8vo. 

84,00 

WARN.— The Sheet-Metal Worker's Instructor: 
For Zinc, Sheet- Iron, Copper, and Tin- Plate Workers, etc. Contain- 
ing a selection of Geometrical Problems; also. Practical and Simple 
Rules for Describing the various Patterns required in the different 
branches of the above Trades. By Reuben H. Warn, Piacucai 
Tin-Plate Worker. To which is added an Appendix, containing 
Instructions for Boiler- Making, Mensuration of Surfaces a.nd Solids, 
Rules for Calculating the Weights of different Figures of Iron and 
Steel, Tables of the Weights of Iron, Steel, etc. Illustrated by thirty- 
two Plaies and thirty-seven Wood Engravings. 8vo. . 83.00 

WARNER.— New Theorems, Tables, and Diagrams, for tha 
Computation of Earth-work : 
Designed for the use of Engineers in Preliminary and Final Estimates, 
of Students ill Engineering, and of Contractors and other non-profes. 
SLonal Computers. In two parts, with an Appendix, Part I. A Prac- 
tical Treatise; Part II. A Theoretical Treatise, and the Appendix. 
Containing Notes to the Rules and Examples of Part I.; Exptana. 
tions of the Construction of Scales, Tables, and Diagrams, and 3 
Treatise upon Equivalent Square Bases and Equivalent Level Heights. 
The whole illustrated by numerous original engravings, comprising 
explanatory cuts for Definitions and Problems, Stereometric Scales 
and Diagrams, and a series of Lithographic Drawings from Models . 
Showing all the Combinations of Solid Forms which occur in Railroad 
Excavations and Emimnkmenis. By John Warner, A. M., Mining 
and Mechanical Engineer. Illustrated by 14 Plates. A new, revised 
and improved edition. Svo S4-00 

WATSON.— A Manual of the Hand-Lathe : 
Comprising Concise Directions for Working Metals of all kinds, 
Ivory, Bone and Precious Woods; Dyeing, Coloring, and French 
Polishing; Inlaying by Veneers, and various methods practised to 
produce Elaborate work with Dispatch, and at Small Expense. By 
Egbert P. Watson, Author of " The Modern Practice of American 
Machinists and Engineers." Illustrated by 78 engravings. E'-jo 

WATSON.— ^The Modem Practice of American Machinists and 
Engineers : 
Including the Construction, Application, and Use of Drills. Lathe 
Tools, Cutlers for Boeing Cylinders, and Hollow-work generally. with 
the most Economical Speed for the same ; the Results verified by 
Adual Practice at the Lathe, the Vise, and on the Floor. Togelhe' 
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with Workshop Management, Economy of Mannfacture, the Steam 
Engine, Boileri, Geari, Belling, etc., etc. By EGBERT P. Watsijn, 
Illustrated by eighly-5i\ engravings, i3mo. . . . Sa.JC 

WATSON.— The Theory ar.d Practice of the Art of Weaving 
by Hand and Power ; 
With Calculations and Tables for the Use of those connected with the 
Trade. By John Watson, Manufacturer and Practical Machine- 
Maker. Illustrated by lai^e Drawings of the best Power Loom;,, 
^vo- . . . ■ 87.50 

WATT.— The Art of Soap Making: 
A Practical Hand-b<iok of the Manufactiiie of Hard and Soft Soaps, 
Tiiilel Soaps, etc., including many New Pt.ieesses, and a Chapter on 
the Recovery of Glycerine from Waste Leys. By Alexanuer 
Watt. 111. lamo S3.00 

WEATHERLY.— Treatise on the Art of Boiling Sugar, Crys- 
tallizing, Lozenge -making, Comfits, Gum Goods, 
And other processes for Confectionery, etc., in which are expiainei!, 
in an easy and familiar manner, the various Methods of Manufactur- 
ing every Description of Raw and ReRned Sugar Goods, as sold by 
Confectioners and others. Ijnio Sl.5<) 

WIQHTWICK.— Hints to Young Architects: 
Comprising Advice to those «ho, while yet al school, are destined 
fo the Profession; lo such as, having passed their pupilage, are about 
to travel ; and to those who, having completed their education, .\re 
about to practise. Tt^ether with a Model Specification invoivji.g si 
great variety of instructive and suggestive matter. By George 
WlGHTWlCK, Architect. A new edition, revised and considerably 
enlarged; comprising Treatises on the Principles of Construtlija 
and Design. By G. HusKissoN Guillaume, Architect, Numerous 
lUnstralions. One vol. izmo. £2.00 

WILrL.^Tabtes of Qualitative Cbemical Analysis. 
With an Introductory Chapter on the Course of Analysis. By Pro- 
fessor IIeinrich Will, of Gie=sen, Germany. Third American, 
from the eleventh German edition. Edited by CHARLES F. UiMEii, 
Ph. D.. Professor of Natural Science, Dickinson College, Carlisle, Pa. 
Svo. . . ■ 81.50 

WILLIAMS.-On Heal and Steam 1 

Embracing New Views of Vaporization, Condensation, and Explo- 
sion. By Charles Wye Williams, A. I. C. E. Illustrated 8vo. 

WILSON.— A Treatise on Steam Boilers : ^ ^° 

Their .Strength, Consrruction, and Economical Working. By Robert 

Wilson. Illusiraicd rsmo 82 50 

WILSON.— First Principles of Political Economy : 

With Reference to Sl.ntesmanship and the Progress of Civilization, 
By Professiir W. 1). WiLsON, of the Cornell University. A new and 
revised edition. l2nio $1.50 
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